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PREFACE 

to    THE    SIXTH    EDITION. 


Thb  Editor'a  attention  has  been  called  to  a  passage  ia  the 
Pro&oe  of  another  tianalatioa  of  "  Cosmos/'  jHibliahed  by 
Mr.  BobD,  wheran  it  b  stated,  that,  in  Mrs.  Sasinb's 
translation,  passages  axe  omitted,  "sometimes  amonntang 
to  pages,  simply  because  tk^  might  be  deemed  sUghtlj 
obaoxioos  to  our  national  prejudice."  In  justice  to  the 
respected  Author  of  "Cosmos,"  the  Editor  ia  induced  to 
Btate,  that  no  passage  whatever  of  M.  db  Huubolvt's 
writing  has  been  omitted  for  the  reasou  ass^ed.  The 
only  intentional  omission  of  even  a  single  sentence  of 
H.  DB  Buhboldt's  writing  is  of  a  remark  in  Note  14S 
of  Yidume  I.  (English  tranalstion),  on  the  intermission  of 
observations  of  extraordinary  m^netic  disturbance  at  the 
Bridsh  Colonial  Observatomes,  when  such  phsenomena  occur 
on  a  Sunday.     Shortly  after  the  publication  of  the  original 
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work,  M.  DE  Humboldt  became  awaie,  that,  though  we  d( 
indeed  int«nnit  the  regular  routine  of  hourly  observatioiis 
during  Sundays,  the  intennission  does  not  extend  to  extra- 
ordioaiy  pheenomena.  The  remark  being  thus  erroneous 
in  point  of  fact,  it  was  at  M.  de  Huuboldt's  express  desire 
omitted.  The  whole  sentence  amounts  to  between  5  or  6 
lines,  part  of  which  is  however  retained. 

There  are  two  occasions  in  which  passs^es  introduced 
in  the  original  work  from  other  authors  have  been  omitted 
in  the  translation :  in  both  instances  the  sense  and  reason- 
ii^  were  complete  without  themj  both  otmssions  were 
known  to  M.  de  Huuboldt,  and  one  in  time  to  receive 
his  full  sanction  before  the  sheets  were  printed  off.  The 
lengths  of  the  two  passages  are  respectively  five  hnes,  and 
a  page  and  twelve  lines,  of  the  original  German  work. 

Woolwich, 

February  21.  1849. 
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EDITOR'S  PREFACE. 


This  tranSlatioii  of  GoBinoa  was  nndertakea  in  compliann 
with  the  with  of  Banm  toii  Hnmboldb  The  Editor,  in 
ccanmoD  be  belierea  vitlL  many  otlien,  is  indebted  to  tb« 
earlier  writings  of  tbe  Author  of  Cosmos  for  awakening  in 
his  mind  a  taste  for  pursuits,  wbicb  have  fomied  a  large 
portion  of  his  interest  and  added  greatly  to  bis  enjoyment 
in  hfe :  long  chefisbed  feebngs  of  gratitude  for  this  obli- 
gation, combined  with  those  of  personal  regard,  have  been 
motives  with  himself,  and  with  Mrs.  Sabine, — by  whom  Hm 
Translation  has  been  made, — ^to  surmount  the  hesitation, 
which  they  might  otherwise  have  fel>  in  venturing  on  a  task 
embracing  so  extensive  a  range  of  sabjects.  Should  this 
translation  be  favourably  received,  it  will  he  a  great  grati* 
'  fication  to  them  hereafter  to  reflect,  that  the^  have  been 
instmmental  in  making  known  to  the  English  reader,  the 
work  in  which  the  illustiions  Anthoi  has  embodied  &e 
{nuts  of  his  active  and  useful  life, 
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The  two  introductory  diacouraes,  which  occupy  48  pages 
in  the  Crennan  edition,  have  been  rewritten  by  M,  de 
Humboldt  himself  in  the  ^French  langoage,  for  the  French 
edition,  in  which 'they  fiU  78  pages,  These  were  comma- 
nioat^d  to  the  Editoi  in  their  passage  throagh  the  press, 
and  by  the  Author's  desire  have  been  followed  in  preference 
to  the  corresponding  portion  of  the  Gennan  text,  whera 
modifications  or  additions  had  been  introduced. 

Short  as  the  interval  has  been  since  Cosmos  was  written, 
it  has  not  been  unmarked  by  the  progress  which  has  beea 
made  in  several  branches  of  scientific  knowledge.  Tn 
asfcnmomy  it  has  been  distii^uished  by  the  discovery  of  « 
new  planet,  Aatrea,  making  the  numbo'  of  those  bodies 
belonging  to  our  solar  system  twelve  instead  of  eleven  i 
idso  of  the  two  heads  of  Biel»'s  comet,  a  pluenomenon  pre* 
viously  unknown.  These  discoveries,  however,  in  no 
respect  affect  the  reasonings  in  Cosmos.  The  optical 
means  at  the  command  of  astionom^s  have  also  been 
improved,  by  the  construction  of  a  telescope  of  unparalleled 
dimensions  by  the  Earl  of  Bosse :  and  the  few  trials  which 
have  yet  been  made  of  ita  powCTS,  lead  to  the  belief,  that  the 
gteeiei  part,  if  not  the  whole,  of  the  nebulse  will  be  resolved 
by  it  into  etars :  happily  ^he  Author  of  Cosmos  will  himself 
have  an  opportunity,  in  the  succeeding  volumes,  of  stating 
the  influence  which  a  discoveiy  of  this  nature  may  exercise 
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i^xm  the  -new  whidi  has  been  talcen  of  Uie  Celestial  Phie- 
Bomena  in  the  volnme  now  publjahed. 

It  has  been  H.  de  HnmboIdfB  wish,  and  kindly  pressed 
by  him,  thAt  tlw  Editor  shonld  add  soch  notes  as  he  might 
thfnV  desirable,  particolailj  in  the  branches  of  scdeiice  in 
which  he  has  himself  engaged :  he  has  felt  the  propriety  of 
exeidsing  this  privily  very  sparingly,  and  has  only  arailed 
himself  of  it  in  additions  to  Notea  19Z,  186,  189, 143, 
158, 179,  373,  and  882*. 

Measures  of  itinerary  disiance  are  expressed  in  the  origi- 
nal wo^  in  geographical  miles  of  16  to  the  degree;  these 
have  been  converted  in  the  banabtion  into  geographical 
miles  of  60  to  the  degree,  as  more  consonant  to  English 
ns^e.  Measures  of  lengOi  are  expressed  by  M.  de  Ham' 
boldt  nsually  in  I'lench  feet  and  toises,  v  Hc'i  have  been 
retained  in  the  translation;  but  the  equivalent  values  in 
English  feet  have  been  added  vh^iever  it  has  appeared  de- 
sirable to  do  so.  In  like  manner  the  measures  of  tempera- 
ture in  Fahrenheit's  scale  have  been  given  w  addition  to 
those  in  the  Centesimal  scale 


'  A  abort  additJonliualKibMniinie  toNofeSSI  In  the  lecond  cffiJni 
1  an  iadei  (tf  Damn  tod  tai^eU  hm  beai  ipptoaed.— 1%  1, 1847. 
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AUTHOR'S  PBEFACB. 


Is  the  late  erening  of  a  varied  and  active  life,  I  offer  to  tba 
Qraman  public  a  work  of  which  the  undefined  type  has  be^ 
present  to  my  mind  for  almost  liaJf  a  centmy.  Often  the 
scheme  has  been  relinquished  as  one  which  I  conld  not  hope 
to  realise,  but  ever  after  being  thus  abandoned,  it  has  been 
sgain,  perhaps  imprudently,  resumed.  In  now  presenting 
its  falfilmeni  to  my  contempoiaries,  with  that  hesitation  which 
a  just  dif&dence  of  my  own  powers  could  not  Ml  to  inspire, 
1  would  willingly  forget  that  writings  long  expected  are 
nsuaJly  least  fevourably  received. 

While  the  outward  circumstances  of  my  life,  and  an  irre- 
sistible impulse  to  the  acquisition  of  different  kinds  of  know- 
ledge, led  me  to  occupy  myself  for  many  years,  apparently 
esdusively,  with  separate  branches  of  science, — descriptive 
botaa;,  geology,  chemistry,  geographical  determinationsi 
and  terrestrial  ma  gnetism,  tending  to  tender  useful  the  ex- 
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teiuive  jonrne; s  in  which  I  engaged, — I  had  still  thronglioat 
B  hi^er  aim  in  viewj  I  ever  desired  to  diacera  phyidcftl 
phfenomena  in  their  widest  matnal  connedion,  and  to  com- 
prehend Natnre  as  a  whole,  animated  and  moved  by  inward 
forces.  Int^TOurse  with  highlj-gifted  men  had  earlj  led  me 
to  the-  conviction,  that  without  earnest  devotion  to  particular 
atndies  anch  attempts  could  be  bnt  vain  and  illusory.  The 
separate  branches  of  natural  knowledge  have  a  real  and 
intimate  connection,  which  renders  these  special  studies 
capable  of  mutaal  assistance  and  fructification :  descriptire 
botany,  no  longer  restricted  to  the  narrow  circle  of  the  de- 
termination of  genera  and  of  species,  leads  the  observer,  who 
traveisea  distant  countries  and  lofty  mountainB,  to  tlie  sto^ 
of  the  geographical  distribution  of  plants  according  to  dis- 
tance from  the  equator  and  elevation  above  the  level  of  the 
sea.  Again,  in  order  to  eluddato  the  complicated  causes 
wbidi  determine  this  distribution,  we  must  investigate  the 
laws  which  regulate  the  diversities  of  climate  and  the  meteo- 
rological processes  of  the  atmosphere ;  and  thus  the  observe, 
earnest  in  the  pursuit  of  knowledge,  is  led  onwards  from  one 
class  of  phffinomena  to  another,  by  their  mutual  connection. 
I  have  enjoyed  one  advaatage  which  few  scientific  tr^ 
Tellers  have  shared  to  an  equal  degree,  in  having  seen  not 
■  merely  coasts,  and  districts  Httle  removed  from  the  margin  of 
the  ocean,  as  in  voyages  of  circonmavigation, — but  in  having, 


AOTBOf'S  PSDAOI. 

nmeora,  ttSTersed,  both  in  the  new  and  the  old  world, 
estensiTe  contiiieiittd  districts  presentisg  the  most  striking 
eautrasts ;  on  the  one  hand  the  bopical  and  alpine  landscapes 
of  Mexico  uid  Soath  America,  and  on  the  other  the  dreaiy 
uniformity  of  the  steppes  of  Northern  Asia.  Sach  oppor- 
toniljea  could  not  fail  to  encourage  the  tendencies  of  a  mind 
predisposed  to  generahsation,  and  woe  well  fitted  to  fiT''"iirf^ 
me  to  the  attempt  of  treating  in  a  special  work  our  present 
knowledge  of  Hie  sidereal  and  terrestrial  phfcnomena  of  the 
muTerse  in  their  empirical  connection.  "  Physical  Qec^ra- 
phy/'  the  limits  of  which  have  been  hitherto  somewhat  vaguely 
defined,,  has  been  thus  e^tanded,  by  perhaps  too  bold  a  plan, 
into  a  sQheme  comprehending  ihc  whole  material  creation, 
or  into  that  of  a  "Physical  Cosmography." 

Snch  a  work,  if  it  would  aspire  to  combine  with  scicntifio 
accurafy  any  measure  of  snccesa  as  a  literary  composition, 
has  to  Eurmoont  great  difficulties,  arising  &om  the  very  aban> 
dance  of  the  materials  which  the  presiding  mind  must  reduce 
to  order  and  clearness,  while  yet  the  descriptions  of  the  varied 
forms  and  pluenomeua  of  nature  must  not  be  deprived  of 
the  characteristio  traits  which  give  them  life  and  animation. 
A  series  of  general  results  would  be  no  less  weaiisome  than 
a  mere  accumulation  of  detached  tscts.  I  cannot  venture  to 
Salter  myself  that  I  have  adequately  satisfied  these  various 
conditions,  or  avoided  the  dangers  which  I  have  not  failed 
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to  perceive ;  the  faint"  hope  which  I  cheriah  of  anccess  rests 
on  the  particular  favour  which  my  coimtTyinen  have  long 
bestowed  oil  a  small  work  which  I  published,  soon  after  my 
return  from  Mexico,  under  the  title  of  Ansichten  der  Natur, 
and  which  treated  some  portions  of  physiccJ  geography,  such 
as  the  physiognomy  of  plants,  savannahs,  deserts,  and  cata- 
raets,  under  general  points  of  view.  Doubtlesa  the  effect 
which  this  small  vohime  produced  was  far  more  attributable 
to  its  indirect  action,  in  awakening  the  faculties  of  young 
and  susceptible  minds  endowed  with  imaginative  power,  than 
to  any  thing  which  it  could  itself  impart.  In  my  present 
wort,  as  in  the  one  to  which  I  have  just  iJluded,  I  have 
endeavoured  to  shew  practically,  that  a  certain  degree  of 
scientific  accuracy  in  the  trealinent  of  natural  facts  is  not 
incompatible  with  animated  and  picturesque  representation. 
Pubhc  discourses  or  lectures  have  always  appeared  to  me 
well  adapted  to  test  the  success  or  failure  of  an  endeavour 
to  unite  detached  branches  of  a  general  subject  in  a  sys- 
tematic whole ;  with  this  view  a  series  of  lectures  on  the 
Physical  Description  of  the  Universe,  as  I  had  concaved  it, 
was  dehvered  both  in  Berlin  and  in  Paris,  in  German  and 
in  French.  These  discourses  were  not  committed  to  writ- 
ing ;  and  even  the  notes  preserved  by  the  diligence  of  some 
attentive  auditors  have  remained  unknown  to  me ;  nor  have 
I  chosen  to  have  recourse  to  them  in  the  execution  of  the 
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fiesent:  work,  the  whole  of  which,  with  the  exception  o(  a 
portion  of  the  Intiodaction,  was  written  fot  the  first  time 
m  the  years  1843  and  1844;  the  discootsea  in  Berliii 
kving  been  delivered  from  NovemW  1827  to  April  1828, 
previous  to  m;  departnre  for  Northern  Asia,  A  represen- 
tation of  the  actmd  state  of  our  knowledge,  in  which  yeai 
bj  jear  the  acquisitions  of  new  observations  imperatively 
demands  the  modification  of  previoua  opinions,  most,  as  it 
ippears  to  me,  gain  in  unity,  freshness,  and  spirit,  by  being 
Muitely  connected  with  f^dine  one  determinate  epoch. 

The  first  volume  contains  a  general  view  of  nature,  from 
tiie  remotest  nebnlee  and  revolving  double  stars  to  the 
terreatrial  phsenomena  of  the  geographical  distribution  of 
plants,  of  animals,  and  of  races  of  men ;  preceded  by  some 
preliminary  eousiderafions  on  the  different  degrees  of  enjoy- 
ment off'ered  by  the  study  of  nature  aaid  the  knowledge  of 
her  laws ;  and  on  the  limits  and  method  of  a  scientific  ex- 
position  of  the  physical  description  of  the  Universe.  I 
regard  this  as  the  most  important  and  essential  portion  of 
my  undertaking,  as  manifesting  the  intimate  connection  of 
the  general  with  the  special,  and  as  exemplifying  in  form 
and  style  of  composition,  and  in  the  selection  of  ttie  results 
taken  from  the  mass  of  our  experimental  knoiTledge,  the 
spirit  of  the  method  in  which  1  have  proposed  to  myself  to 
conduct  the  whole  work.     In  the  two  succeeding  volumes  . 
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I  desigo  to  consider  some  of  the  partiealar  incitement-s  to 
the  study  of  Natnre, — to  treat  of  the  history  of  the  contem- 
plation of  ^e  physical  universe  or  the  gradual  development 
of  the  idea  of  the  concnnent  action  of  natoral  forces 
co-operating  in  all  that  presents  itself  to  onr  observation^— 
and  lastly,  to  notice  the  Bpedalities  of  the  several  branches 
of  ficience,  of  which  the  mntoal  connection  is  indicated  in 
the  general  view  «F  nature  in  the  present  volmne.  Scferences 
to  authorities,  together  with  details  of  observation,  have  been 
placed  at  the  dose  of  each  volume,  in  the  foim  of  Notes. 
In  the  few  instances  in  which  I  have  introduced  exti-acta 
irom  the  works  of  my  friends,  they  are  indicated  by  marks 
of  quotation ;  and  I  have  preferred  the  practice  of  giving  the 
identical  words,  to  any  paraphrase  or  abndginent.  The  deli- 
cate and  often  contested  questions  of  discovery  and  priority, 
so  dangerous  to  introduce  in  an  tmcontroversial  work,  are 
rarely  touched  upon  :  the  occasional  references  to  classical 
antiqoi^,  and  to  that  highly  favoured  transition  period 
marked  by  the  great  gec^r^hical  discoveries  of  the  fifteenth 
and  sixtfientb  centuries,  have  had  for  their  principal  motivev 
the  wish,  which  is  occasionally  felt  when  dwelling  on  general 
views  of  nature,  to  escape  from  the  more  severe  and  dogma- 
tical restraint  of  modem  opinions,  into  the  free  and  imag^ 
native  domain  of  earlier  presentiments. 

It  has  sometimes  been  regarded  as  a  discouraging  consi- 
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teation,  thtA  t^ht  works  of  li(«r&tnre,  being  fiist  rooted 
In  tjie  deptlia  at  homan  feeling,  imagmfttion,  and  teeSDii, 
offer  litde  from  the  kpae  of  time,  it  is  othendse  with 
Todcs  which  treat  of  subjects  dependent  on  the  progresa  of 
cspenmental  knowledge.  The  improvement  of  instruments, 
and  the  continued  enla^ement  of  the  field  of  obserration, 
render  investigations  into  natnral  phsenomena  and  physical 
laws  liable  to  becmne  untiqn&ted,  to  lose  their  int^cst,  and 
to  cease  to  be  read.  Such  reflections  are  not  entiieiy  desti- 
tnte  of  foundation ;  yet  none  who  are  deeply  penetrated 
with  a  true  and  genuine  lore  of  nature,  and  with  a  lively 
appreciation  of  the  true  charm  and  d^nity  of  the  stndy  of 
her  laws,  can  ever  view  with  diacouragonent  or  regret  that 
idiich  is  connected  with  the  enla^cment  of  the  boundaries 
of  oar  knowledge.  Many  tmd  important  portions  of  this 
knowledge,  both  as  regards  the  phenomena  (^  the  celestial 
spaces  and  those  belonging  to  our  own  planet,  are  already 
based  on  foundations  too  firm  to  be  lightly  shaken ;  although 
in  other  portions,  general  laws  will  doubtless  take  the  place 
of  those  which  are  more  limited  in  their  application,  new 
forces  will  be  discovered,  and  substances  considered  as 
simple  wiU  be  decomposed,  whilst  others  will  become 
known.  I  ventare,  then,  to  indulge  the  hope,  that  the 
present  attempt  to  trace  in  animated  characters  such  a 
general  view  of  the  grandeur  of  nature,  and  of  the  perma- 
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neat  rd&tiDiis  aai  laws  discernible  throngli  apparent  Sax- 
tuation,  aa  fhe  knowledge  of  our  owu  age  permita  us  to 
form,  viU  not  be  wholly  disregarded  ev^u  at  a  futon 
period. 


VottDAM,  Nor.  Itii4. 


COSMOS? 

A  PHYSICAL  DESCBIPriON  OP  THE  UNIVEBaB. 


ON  THK  TfaFESXSr  DEOBBES  Of  EHJOIKKNT  UrflBIl)  BK 

TEE  ASPECI  Ot  NATnSX  AKD  TBI  SIUDX 

OS  EBE  LAWS. 

In  attempting,  a&er  a  long  absence  from  iny  coimtiy,  to 
unfold  a  general  view  of  the  ph;fBical  phssnomeiiA  of  the 
globe  whidi  we  inhabitj  and  of  the  combined  action  of  the 
foices  which  perrade  the  r^ons  of  qnce,  I  feel  a  donUe 
anxiety.  The  matto^  of  which  I  would  treat  is  eo  vast;,  and 
80  varied,  that  I  fear,  on  the  one  hand,  to  approadi  it  in  aa 
encjclqpEedic  and  aiqietficial  mamm,  and  on  &b  oGta,  to 
veaiy  the  mind  by  aphomms  presenting  only  dry  and  dog- 
matic generalities.  Condseness  may  produce  aridity,  wbibt 
too  great  a  mnltiplici^  of  objects  kept  in  view  at  tiie  same 
time  leadi  to  a  want  of  deamess  and  preoision  in  the 
seqnence  of  ideas. 
Bnt  nature  is  the  danuoD  d  Hb^^;  and  to  give  a  lively 
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pictuie  of  those  ideas  and  those  delights  which  a  tme  and 
profonnd  feeling  in  her  contemplation  inspires,  it  is  needful 
that  thought  should  dothe  itself  freely  and  without  con- 
straint in  such  forms  and  with  Slich  qkvation  of  lango^, 
as  may  be  least  nnvorthy  of  the  grandeur  and  majesty  of 
creation. 

If  the  study  of  physical  phienomena  be  regarded  in  its 
bearings,  not  on  the  material  wants  of  man,  bnt  on  his 
general  intellectual  progress,  its  bi^ieet  result  is  found  in 
the  knowledge  of  those  mutual  relations  which  link  toge&ist 
&e  various  powers  of  natnre.  It  is  the  intuitive  and  intimate 
persuasion  of  the  exist«nce  of  these  relations  which  at  once 
enlarges  and  elevates  our  views,  and  enhances  our  enjoyment. 
Such  extended  views  ate  the  growth  of  observation,  of  medi- 
tation,  Emd  of  &e  spirit  of  the  age,  which  is  ever  reflected  in 
the  operations  of  the  human  mind  whatever  may  be  theii 
direction.  Those  who  by  the  light  of  history  should  trace 
back  through  past  ages  the  progress  of  physical  knowledge  to 
H»  early  and  remote  soiucai,  would  leani  how  for  thonsands 
of  years  the  human  mind  has  laboured  to  lay  hold  of  1^ 
sure  thread  of  the  invaaiability  of  natural  laws,  amid  the  per^ 
pkzitiea  of  ceasdess  ohitngej  and  in  so  doing  has  grodnally 
ocmquersd,  eo  to  spet^  great  part  of  the  physical  univereeL 
In  following  bock  this  mystnious  track,  still  the  same  image 
of  the  Cotmot  reuppeais,  whieh,  in  its  earher  revelation, 
^ewed  itself  aa  a  presentiment  of  the  true  harmony  and 
Older  of  (he  univefse,  and  whieh,  in  out  days,  presents  itself 
■■  the  frnk  of  long-oontiBued  and  laboiions  observation. 
Each  of  tioM  two  epochs  of  the  contemplation  d  the  ex- 
ternal world  has  its  own  proper  enjoyment ;  that  belonging 
to  the  first  avakcming  of  such  refleetioju  is  well  suited  to 
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Qa  simplicity  of  the  earlier  ages  of  the  world ;  to  them  &a 
imdistuibed  soccessioii  of  tlie  planetary  movementB,  tad  the 
progressive  deralopment  of  animal  and  vegetable  life,  were 
pledges  of  an  order  yet  undiscovered  in  other  relations,  bat 
of  which  they  instinctively  divined  t^  existence.  To  ns  in 
U)  advanced  civilisstion  belongs  the  enjoyment  of  the  precise 
Icnowledge  of  phenomena,  from  the  time  when  man  in 
interrogating  nature  began  to  esperimentj  or  to  produce 
phenomena  under  definite  conditions,  and  to  collect  and 
record  the  fruits  of  experience,  so  that  investigation  might 
no  longer  be  restricted  by  tiie  abort  limits  of  a  sin^  life, 
the  philosophy  of  nature  ]mi  aside  the  vague  and  poetie 
forms  witb  which  she  had  at  first  been-  clothed,  and  has 
adopted  a  more  severe  character . — she  now  weighs  the  value 
of  obsovations,  and  no  bngec  divines,  but  combines  and 
reasons.  Exploded  aton  may  survive  partially  among  the 
uneducated,  aided  in  some  instances  by  an  obscure  and 
mystic  phraseology :  they  have  also  left  behind  them  maay 
Gipreesions  by  wbdcfa  our  nomenclature  is  more  or  less  dis- 
figured;  while  a  few  of  lumpier,  though  figatative  origin,  have 
gradnally  received  mem  accurate  definition,  and  have  been 
found  w(Ktliy  of  preservation  in  our  scientific  language. 

The  aspect  (tf  external  nature,  as  it  presents  itself  in  its 
generality  to  thoughtful  ctmtemplation,  is  that  of  miity  in 
diversity,  and  of  connectiou,  reeemblauce  and  order,  among 
at&teA  things  most  iHmrimil^  in  their  form;— one  fair 
harmoniouB  whole.  To  seize  this  unity  and  this  harmony, 
unid  such  an  immense  assemblage  of  objects  and  forces,— 
.  to  embrace  alike  the  discovaies  of  the  earliest  ages  and  those 
of  oar  own  time, — sud  to  analyse  the  details  of  phEenomena 
without  ranking  under  thai  tihwc.  ore  e£Ebrt>  of  bunaD 
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reason  in  the  path  wherein  it  is  given  to  man  to  press  towards 
the  full  comprehension  of  natnie,  to  onveil  a  portion  of  htr 
Beciets,  and,  by  the  force  of  thought,  to  subject,  so  to  speak, 
to  his  intellectual  dominion,  the  rough  mateiials  which  he 
collects  by  observation. 

If  we  attempt  to  analyse  the  different  gradations  of  enjoy- 
ment derived  from  the  contemplationof  nature;  we  find,  first, 
an  impression  which  is  altogether  independent  of  any  know- 
ledge of  the  mode  of  action  of  physical  powers,  and  which 
does  not  even  depend  on  the  particular  character  of  the 
objects  contemplated.  When  we  behold  a  plain  bounded 
by  the  horizon,  and  clothed  by  a  nnifoim  covering  of  any  of 
Uie  social  plants  (heaths,  grasses,  or  cbtusses), — when  we 
gaze  on  the  sea,  where  its  waves,  gently  washing  the  shore, 
leave  behind  them  long  undulating  lines  of  weeds, — then, 
while  the  heart  expands  at  the  free  aspect  of  nature,  there  is 
at  the  same  time  revealed  to  the  mind  an  impression  of  the 
existence  of  comprehensive  and  permanent  laws  governing 
the  pheenomena  of  the  universe.  The  men  contact  with 
nature,  the  issuing  forth  into  the  open  air, — ^that  which  by 
an  expr^sion  of  deep  meauing  my  native  language  terms  in 
das  Freie, — exercises  a  soothing  and  a  calming  infinence 
on  the  sorrows  and  on  the  passions  of  men,  whatev^  may  be 
the  region  th^  inhabit,  or  the  degree  of  mtellectual  cnltute 
which  they  enjoy.  That  which  ia  grave  and  solenm  in  these 
impressions  is  derived  from  the  presentiment  of  order  and 
of  law^  unconsciously  awakened  fay  the  ^mple  contact  with 
external  nature ;  it  is  derived  from  the  contrast  of  the  narrow 
Umits  of  onr  being  with  that  image  of  infinity,  which  every 
where  reveab  itself  in  the  starry  heavens,  in  the  bonndless 
plain,  or  in  the  indistinct  horizon  of  the  oce»n. 
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Other  imptessionsj  better  defined,  affording  more  lind 
enjoyment  and  more  congenial  to  some  trtatea  of  the  mind, 
dq)end  more  on  the  peculiar  cbaracter  and  phyaiognomj  of 
tile  scene  contranplatedj  sad  of  the  particolai-  i^on  c^  the 
earth  to  irhich  it  belongs.  They  may  be  excited  by  views 
&B  most  vanedj  either  by  the  strife  of  natoie,  or  by  the 
barren  monotony  of  the  steppes  of  Northern  Asia,  or  by 
the  happier  aspect  of  the  wild  fertility  of  nature  reclaimed 
to  the  use  of  man,  fielda  waving  with  golden  harreste,  and 
peac^il  dweUings  rising  by  the  side  of  the  foaming  torrent . 
for  I  r^ard  here  Iras  the  force  of  the  emotion  excited,  than 
(he  relation  of  the  sensations  and  ideas  awakened  to  that 
peculiar  character  of  the  scene  which  gives  them  form  and 
permanence.  If  I  might  yield  here  to  the  charm  of  memory, 
I  woald  dwell  on  scenes  deeply  imprinted  on  my  own  recol- 
lection— on  the  calm  of  the  tfopic  nights,  whon  the  stars, 
not  sparkling,  as  in  our  climates,  but  shining  with  a  steady 
beam,  shed  on  the  gently  heaving  ocean  a  mild  tmd  planetary 
radiance; — or  Iwonld  recal  those  de^  wooded  valleys  of  the 
Cordilleras,  where  the  palms  shoot  through  the  leafy  roof 
formed  by  the  thick  foliage  of  other  trees,  above  which  their 
loHy  and  slender  stems  appear  in  lengthened  colonnades,  "  a 
forest  above  a  forest  (') ;" — or  tiie  Peak  of  Tenerifle,  when  a 
horizontal  layer  of  clouds  has  separated  the  cone  of  innders 
from  the  world  beneath,  and  suddenly  the  ascending  current 
cSSis  heated  air  pierces  the  veil,  so  that  the  traveller,  Btsnding 
on  the  very  edge  of  the  crater,  sees  through  the  opewng  the 
vine-covered  slopes  of  Orolava,  and  the  orange  gardens  and 
bBoanas  of  the  coast.  Iq  snch  Eceues  it  is  no  longer  alone 
Qie  peacefiil  charm,  of  which  the  face  of  nature  is  never 
wholly  destitute,  which  speaks  to  oar  minds,  but  the  pecoliar 
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oharactei  of  the  landscape,  the  new  and  beautiful  forms  of 
veget&ble  life,  the  grouping  of  the  clouds,  and  the  vague 
aDoertflinty  with  which  they  mingle  with  the  neighbouring 
islands,  and  the  distant  hotizon  half  risible  through  ths. 
morning  mist.  All  that  the  senses  but  putiallj  comprehend, 
and  whateva  is  most  grand  and  awful  in  such  lomantio 
scenes,  open  &esh  sources  of  delight.  That  which  sense 
grasp  but  imperfectly  offers  a  free  field  to  creative  fancy; 
die  outward  impressions  change  with  the  changing  phases  of 
the  mind ;  and  this  without  destroying  the  illusion,  by  which 
we  imE^ine  ourselves  to  receive  from  estemal  nature  thai 
vith  which  we  have  ourselves  unconsciously  invested  her. 

When  hi  from  our  native  country,  after  a  long  sea  voyage, 
we  tread  for  the  first  time  the  lands  of  the  tropics,  we  ex- 
perience an  impression  of  agreeable  surprise  in  recognising, 
in  the  cMb  and  rocks  around,  ^e  same  forms  and  sub- 
etancea,  similar  inclined  strata  of  sdiistose  rocks,  the  same 
columnar  basalts,  which  we  had  left  in  Europe :  this  identi^, 
in  latitudes  bo  different,  reminds  as  that  the  solidification  of 
the  crust  of  the  earth  has  been  independent  of  differences  of 
dimate.  Bnt  these  schists  and  these  basalts  are  covered 
with  vegetable  forms  of  new  and  stuange  aspect.  Amid  the' 
luxuriance  of  this  exotic  fiora,  surrounded  by  oolossal  forms 
of  unfamiliar  grandeur  end  beau^,  we  experience  (thanks  to 
the  marvellons  flexibility  of  our  natnie]  how  easily  the  mind 
opens  to  t&e  combination  of  impiesaione  connected  with 
each  other  by  unperceived  links  of  secret  anah^.  Tlaa 
imaginatioa  recognises  in  these  strai^  forms  nobler  devo- 
qtments  of  those  which  surrounded  our  childhood  j  the 
colonist  loves  to  give  to  the  plants  of  his  new  home  names 
borrowed  from  his  native  land,  and  these  strong  untaught 
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impxessio&e  lead,  bowerer  yogadj,  to  the  same  end  u  Qai 
lalxnious  and  extended  compoiiaon  of  beta,  hy  which  tiw 
^lilosopheT  Knives  at  an  ultimate  persnaaion  of  one  iadisso* 
Inble  chain  of  e^jiity  binding  tc^ether  tH  natore. 

It  may  seem  a,  teah  attempt  to  mdeavonir  to  tJuAjae  into 
it«  separate  elements  the  enchantment  which  the  great  scenes 
of  nature  exert  aver  dot  minds,  for  this  effect  depends  espe- 
tiaHj  on  the  combination  and  nnity  of  the  VBtious  emotions 
and  ideas  exdted ;  tmd  yet  if  we  would  trace  back  this  power 
to  the  objective  diversity  of  the  pbienomena,  we  most  take  a 
nearer  and  more  discriminating  view  of  individonl  forms  and 
variously  acting  forces.  The  richest  and  most  diversified 
materials  for  each  an  analyaia  present  themselves  to  the 
Wvelier  in  the  landscapes  c^  Sonthem  Asia,  in  the  great 
Lidiaa  Archipelago,  and,  above  all,  in  those  ports  of  the  new 
continent  where  the  highest  sommita  of  the  Cordilleras 
approach  the  upper  surface  of  the  aerial  ocean  by  which  oar 
globe  is  enveloped,  and  where  the  subterranean  forces  wbich 
devated  those  lofty  chams  stiU  shake  their  foundations. 

Graphic  descriptions  of  nature,  arranged  under  the  guid- 
soce  of  leading  ideas,  are  calculated  not  merely  to  please 
the  imt^ination,  but  also  to  indicate  to  ns  the  gradation  of 
those  impressions  to  which  I  have  already  alluded,  &om  the 
uniformity  of  the  sea  beach  or  of  the  steppes  of  Siberia,  to 
the  rich  luxuriance  of  the  torrid  zone.  If  we  represent  to 
ooiselvea  Mount  I^latus  placed  on  the  Shreckbom  {^),  or  the 
Bcbneekoppe  of  Silesia  on  the  summit  of  Mont  Blanc,  we 
«ball  not  yet  have  attained  to  file  h^ht  of  one  of  the 
colossi  of  the  Andes,  the  Chimboraso,  whose  height  is  twice 
'that  of  Etna ;  and  we  must  pile  the  Bigi  or  Mount  A&oa  on 
the  GbimbtffaEO,  to  have  an  image  of  the  highest  samioit  of 
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the  Himalaj^,  the  DhavaJagiri.  But  although  the  mooi^ 
tains  of  India  far  surpass  in  their  astonishing  elevation  (long 
disputed,  but  now  confirmed  by  authentic  measniemoDta) 
the  Cordilleras  of  South  America,  th^  cannot,  from  iheiz 
geographical  position,  offer  that  inexhaustible  variety  of 
phEenomena  bj  which  the  latter  are  characterised.  The  im- 
presaion  produced  by  the  grandest  scenes  of  nature  does  not 
depend  exclusively  on  height.  The  chain  gf  the  Himalsya 
is  situated  far  without  the  torrid  zone.  Scarcely  is  a  fdngle 
pahn  tree  (^)  found  so  ^  north .  as  the  beautiful  vallejra 
of  ICumaoon  and  N^epaid.  In  ftS"  and  34^  of  latitude, 
on  the  aonthem  slope  of  the  ancient  Faropamisus,  nature 
no  longer  displays  that  abtmdan^  of  tree  ferns,  or  arbo- 
rescent grasses,  of  Heliconias,  and  of  Orchideous  plants, 
which,  within  the  tropics,  ascend  towards  the  higher  plateaux 
of  the  mountains.  On  the  slopes  of  the  Himalaya,  undv 
the  shade  of  the  Deodar  and  the  large-leaved  oak  peculiar 
to  these  Indian  Alps,  the  rocks  of  granite  and  of  mica  schist 
are  clothed  with  forms  closely  resembling  those  which  ch*. 
lacterise  Europe  and  Northern  Asia;  the  species  indeed  aro 
not  identical,  but  they  are  similar  in  thdr  aspect  imd  ph^ 
eiognomy,  comprising  jimipers,  alpine  birches,  gentians,  pai* 
nassias,  and  prickly  species  of  Eibes  [*).  The  chain  of  the 
Himalaya  is  also  wanting  in  those  imposing  volcanic  pbseno- 
mena,  which,  in  Ute  Andes  and  in  the  Indiim  Archipelago, 
often  reveal  to  the  inhabitants,  in  characters  of  t«tror,  ths 
existence  of  forces  residing  in  the  interior  of  our  jJanet. 
Moreover,  on  the  southern  declivity  of  the  Himalaya,  where 
the  vapour-loaded  atmosphere  of  Hindostan  deposits  its 
moisture,  the  region  of  perpetual  snow  descends  to.  a  zone 
of  not  more  than  11000  or  12000  (11700  or  12S0O  Eng.) 


THB  KMJOTHEirr  OF  HATU&B.  11 

feet  <rf  devadon :  thus  the  i^(»i  of  ta^taic  life  ceases  at  a 
hnai  nearlj  three  tboosand  feet  (^)  below  that  which  it 
teaches  in  the  equinoctial  portion  of  the  Cordilleras. 

But  the  mountainous  regions  which  are  situated  near  the 
equator  possess  another  advantage,  to  which  attention  has 
not  been  hitherto  sufficiently  directed.  They  are  that  part  of 
our  planet  in  which  the  contemplatiou  of  nature  offers  in 
the  least  space  the  greatest  possible  variety  of  impressions. 
In  the  Andes  (A  Gundinamarca,  of  Quito,  and  of  Peru,  fur- 
rowed by  deep  barrancas,  it  is  permitted  to  man  to  contem- 
plate all  the  families  of  plants  md  all  the  stars  of  the 
firmament.  There,  at  a  sit^le  glance,  the  beholder  sees  lofQ* 
feathered  pabns,  humid  forests  of  bamboos,  and  all  the  bean 
tifol  family  of  Musacefe ;  and,  above  ^eee  tropic  forms,  oaks, 
medlars,  wild  roses,  and  umbelliferous  plants,  as  in  our  Euro* 
peaii  homes ;  there,  too,  both  the  celestial  hemispheres  are 
open  to  his  view,  and,  when  night  arrives,  he  sees  displayed 
together  the  eonatellation  of  the  Southern  Cross,  the  Mi 
grJlanic  clouds,  and  the  guiding  stars  of  the  Bear  which  circle 
round  the  Atctic  pole.  There,  the  different  climates  of  the 
earth,  and  the  vegetable  fonns  of  which  they  determine  the 
snccession,  are  placed  one  over  another,  stage  above  stage; 
and  the  hkwa  of  the  decrement  of  heat  are  indeUbly  written 
on  the  rocky  walls  and  the  rapid  slopes  of  the  Cordilleras,  in 
characters  easily  legible  to  the  intelligent  observer.  Not  to 
weaiy  the  reader  with  details  of  pheenomena  which  I  long  since 
attempted  (*}  to  represent  graphically,  I  will  here  retrace  only  a 
few  of  the  more  comprehensive  features  which,  in  their  com- 
bination, form  those  pictures  of  the  torrid  zone.  That  which, 
in  impressions  received  solely  by  our  senses,  partakes  of  an 
uncertainty,  simikr  to  the  effect  of  tJie  misty  atmosphere 
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w.iicli,  in  moontaia  scenery,  renders  at  tidita  every  outline 
dim  and  indistinct, — when  scrutinised  by  reasoning  on  thi*' 
csuai  of  the  pbenomena,  may  be  clearly  viewed  and  conecthf 
resolved  into  separate  elements,  to  each  of  which  ito  own 
individutd  character  is  assigned;  and  thus,  in  the  stady  {f 
nature,  aa  well  as  in  its  more  poetic  d^cription,  the  [nctiuMr 
gains  in  vividness  and  in  objective  truth  by  the  well  and 
aharply-marked  hues  which  define  individual  features. 

Not  only  is  the  torrid  zone,  through  the  abundance  bbA 
huoriiince  of  its  oj^nic  forms,  most  rich  in  powerful  im- 
piessions, — ^it  has  also  anotJier  advant^e,  even  greater 
in  reference  to  the  chain  of  ideas  here  pursued,  in  tlw 
nniform  tegulatity  which  characterises  the  succession  both 
of  meteorological  and  of  organic  changes.  The  well-mariced 
lines  of  elevation  which  separate  the  different  forms  of 
vegetable  life,  seem  there  to  ofTer  to  our  view  the  inva- 
riability of  the  laws  which  govern  the  celestial  move- 
ments, reflected  as  it  were  in  teitestrial  phenomena.  Le* 
us  dwell  for  a  few  momenta  on  the  evidmces  of  this  legu- 
larily,  which  is  such,  that  it  can  even  he  measured  by 
scale  and  ntunber. 

In  the  burning  plains  which  rise  bnt  little  above  the  levd 
of  the  sea,  reign  the  ^imilies  of  Bananas,  of  Cycadesc,  and  of 
Palms,  of  which  the  numb^  of  species  inclnded  in  our  floras 
of  the  tiopical  regions  has  been  so  wonderfully  angmoited 
in  oox  own  days  by  the  labours  of  botanic  travellers.  To 
these  succeed,  on  the  slopes  of  the  Cordilleras,  in  mountain 
valleys,  and  in  hiunid  and  shaded  clefts  of  the  rocks,  tree 
ferns  raising  their  thick  cylindrical  stems,  and  expanding 
their  delicate  foliage,  whose  lace-ltke  indentations  are  seen 
against  the  deep  azure  of  the  sky.     There,  too,  floniishea 
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die  Cinchonflt  whose  ferer-Iiealmg  bark  ia  deemed  the  more 
tahitaiy  the  more  ofl«a  the  tiees  ore  bathed  snd  refreshed  hf 
the  Hght  mists  which  form  the  upper  soriue  t^  the  lowest 
stratum  of  donds.  Immediate^  above  the  r^on  of 
forests  the  ground  is  coveted  with  white  bands  of  flowsr- 
ing  social  plants,  small  Aialiaa,  ^nubandias,  and  mjitl^ 
leaved  Andromedas.  'Hie  Alp  rose  of  the  Andes,  the  mag- 
nificent Bebria,  forms  »  purple  girdle  round  the  spirj 
peaks.  On  reaching  the  cold  and  stormy  regions  of  the 
Farainos,  shnibs  and  herbaceouB  plants,  bearing  large  and 
richlf-coIoQied  blossoms,  gradually  disappear,  and  are  suc- 
ceeded by  a  uniform  mantle  of  monocotyledonons  plants. 
This  is  the  gtas^  zone,  where  vast  savannahs  (on  which 
graze  lamas,  and  cattle  descended  from  those  brought 
&om  the  old.  world)  clothe  the  high  table  lands  and  the 
wide  slopes  of  the  Cordilleras,  whence  they  reflect  a&r  a 
yellow  hue.  Trachytic  rocks,  which  pierce  the  turf,  and  rise 
high  into  those  strata  of  the  atmosphere  which  are  supposed 
io  contain  a  smaller  quantity  of  carbonic  acid,  support  only 
phmts  of  inferior  oiganization— Lichens,  Lecideas,  and  the 
maay-coloured  dust  of  the  Leprana,  forming  small  ronnd 
patebes  on  the  snr&ce  of  the  stone.  Scattered  islets  of 
fresh-MLen  snow  arrest  the  last  feeble  traces  of  vegetation, 
and  are  succeeded  by  the  region  of  pcrpetnal  snow,  of 
which  the  lower  limit  is  distinctly  marked,  and  undergoes  ex- 
tremely little  change.  The  elastic  subterranean  forces  strive, 
for  the  most  part  in  vain,  to  break  through  the  snow-clad 
domea  which  crown  the  ridges  of  the  Cordilleras ; — but  even 
where  these  forces  have  actually  opened  a  permanent  channel 
of  communication  with  the  outer  air,  eith^  through  crevices 
ot  drcolai  oaters,  they  rarely  send  forth  currents  of  lava,  more 
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often  erupdng  ignited  scorim,  jets  ot'  carbonic  a^dd  gas  and 
salphnretted  hydrogen,  and  hot  ateam.  The  contempktion  of' 
this  gr^id  and  imposing  spectacle  appears  to  have  prodaced 
on  the  minds  of  the  earlier  inhabitants  of  those  eountriea 
04ly  VE^Q  feelings  of  astonishment  and  awe.  It  might 
have  been  imagined,  that,  as  we  have  before  said,  the  well- 
marked  periodic  return  of  the  same  phsenomena,  and  the 
uniform  manner  in  which  they  group  themselves  in  ascending 
zones,  would  have  rendered  easier  a  knowledge  of  the  laws  of 
nature  J  bnt  so  fitr  as  history  and  tradition  enable  us  to 
trace,  we  do  jiot  find  that  the  advantages  possessed  by  those 
favoured  regions  have  been  so  improved.  Eecent  researches 
have  rendered  it  very  doubtful  whether  the  primitive  seat  of 
Hindoo  civilisation,  one  of  the  most  wonderful  phases  of  the 
rapid  progress  of  mankind,  were  really  within  the  tropics. 
Aityana  Vaedjo,  the  ancient  cradle  of  the  Zend,  was  to  the 
north-west  of  the  Upper  Indus ;  and  after  the  separation  of 
the  Iraunians  from  the  Brahminical  institution,  it  was  in  a 
country  bounded  by  the  Himalaya  and  the  small  Tindhya 
chain,  that  the  language  which  had  previously  been  common 
t«  the  Iraunians  and  Hindoos,  assumed  among  the  lattel 
(together  with  manners,  customs,  and  the  social  state),  an 
individual  form  in  the  Magadha,  or  Madliya  Desa  C).  The 
extension  of  the  Sanscrit  language  and  civilisation  to  ita 
south- easternmost  limit,  far  within  the  torrid  zone,  has 
been  described  by  my  brother,  "Wilhelm  von  Humboldt,  in 
his  great  work  on  the  Kawi,  and  other  languages  of  kindred 
structure  (^), 

Notwithstanding  the  greater  difliculties  with  wliich  in 
more  northern  climates,  the  discovery  of  general  laws  was 
surrounded,  by  the  excessive  complication  of  pkeeaomena,  and 
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tba  perp^oal  local  vaziationa,  both  in  the  movements  ot  the 
atmosphere  and  in  the  distribation  of  o^n&nic  forms,  it  wag 
to  the  inhabitants  of  the  temperate  zone  that  a  ntioiul 
knowledge  of  physical  forces  fiist  revealed  itself.  It  is  frcon 
this  northern  zone,  which  has  shown  itsdf  &Touiable  to  the 
prepress  of  reason,  to  the  softening  of  manners,  and  to 
public  liberty,  that  tlie  germs  <A  dvilisatioa  have  been 
imp<»ted  into  the  torrid  zone,  eithw  by  the  great  movements 
of  the  migration  of  races,  or  by  tiie  establishment  of  colonies, 
very  different  in  their  institntion  in  modern  times  &om  those 
of  the  Greeks  and  Photnicians. 

In  considering  the  influences  which  &e  order  and  sncces- 
sion  of  phenomena  may  have  exercised  on  the  greater  or  less 
&cility  of  recognizing  their  producing  causes,  I  have  indicated 
that  importuit  point  in  the  contact  of  the  human  mind  with 
the  external  world,  at  which  there  is  added  to  the  charm 
attendant  on  ths  fdmple  contemplation  of  nature,  the  enjoy- 
ment springing  from  a  knowledge  of  the  laws  which  govern 
the  order  and  mutual  rebttions  of  phfenomena.  l^enceforth 
the  persuasion  of  the  existence  of  an  h&rmonious  system  of 
fixed  laws,  which  was  long  the  object  of  a  vague  intuition, 
gradually  acquires  the  certainty  of  a  rational  truth,  and  man, 
as  our  immortal  Schiller  has  said — "  Amid  ceaseless  change, 
seeks  the  unchanging  pole  (")." 

In  order  to  reascend  to  the  first  germ  of  this  mora 
thoughtful  enjoyment,  we  need  only  cast  a  rapid  glance  on 
the  earliest  glimpses  of  the  Philosophy  of  Nature,  or  of  the 
ancient  doctrine  of  the  Cosmos.  Wefind  amongst  the  most 
savage  nations  (and  my  own  travels  have  confirmed  the 
truth  of  this  assertion),  a  secret  and  terror.mingled  presenti- 
ment of  the  unit;  of  natural  forces,  blending  with  tbc  dim 
vol,.  I,  D 
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perception  of  an  invisible  and  spiritiid  essence  manifesting 
itself  through  these  forces,  vhether  in  unfolding  the  flower 
and  perfecting  the  fruit  of  the  food-bearing  tree,  or  in  the 
subterranean  movements  whi(^  shake  the  ground,  Bud  the 
4«mpests  which  agitate  the  atmosphere.  A  bond  connecting 
the  outward  world  of  aense  with  the  inward  world  of  thought 
may  be  iiete  perceived ;  the  two  become  unconsciously  con- 
founded, and  the  first  germ  of  a  philosophy  of  nature  is 
developed  in  the  mind  of  man  without  the  flim  support  of 
observation.  Amoi^st  nations  least  advanced  in  civilisa- 
tion, the  imagiimtion  delights  itself  in  strange  and  fantastic 
creations.  A  j«edUection  for  the  figarative  infloences 
both  ideas  and  language.  Instead  of  examining,  men  con 
tent  themselves  with  conjecturing,  dogmatising,  and  inter- 
preting supposed  facts  which  have  never  been  observed. 
The  world  of  ideas  and  of  sentiments  does  not  reflect  back 
the  image  of  the  external  world  in  its  primitive  purity. 
That  which  in  some  regions  of  the  earth,  and  among  a  small 
number  of  individuals  gifted  with  supoior  inteUigence,  mani- 
fests itself  as  the  rudiment  of  natural  philosophy,  appears 
in  other  r^ons  and  among  other  races  of  mankind  as 
the  result  of  mystic  tendencies  and  instinctive  intuitions. 
It  is  in  the  intimate  commuiiion  with  .external  nature,  and 
the  deep  emotions  which  it  inspires,  that  we  may  also  trace, 
in  part,  the  first  impulses  to  the  deification  and  worship  ot 
the  destroyii^  and  preserving  powers  of  nature.  At  a 
later  period  of  human  civilisation,  when  man,  having  passed 
through  different  stages  of  intellectual  development,  has 
arrived  at  the  free  enjoyment  of  the  regulating  power  of 
reflection,  and  has  learned,  as  it  were  by  a  progressive  enfran- 
diieement,  to  separate  the  world  of  ideas  from  that  of  the 
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perceptions  of  seDse,  a  vaguQ  presentment  of  the  nnity  ot 
nattual  forces  no  longer  snfficw  faim.  'Hie  exerdae  of 
thonght  then  beginB  to  accomplish  its  noble  taak,  tad, 
bj  obsa^ation  And  reasoning  combined,  the  stodents  of 
nature  strive  with  udoor  to  ascend  to  the  caosei  ot  phn- 
ncanena. 

The  history  of  science  teaches  as  how  difficnlt  it  has  been 
ka  this  active  cnriositj  always  to  piodnce  soiud  frmts. 
Inexact  and  ijic(Hnplete  obso-vations  have  Ud,  through  false 
inductions,  to  th&t  great  namber  of  enoneons  physical  views 
which  have  been  perpetuated  as  popular  pngndices  among 
til  classes  of  society.  Thus,  by  the  side  of  a  solid  and  scien- 
tific knowledge  of  phenomena,  thrae  has  been  preeerved  a 
system  of  pretended  results  of  obserratioD,  the  more  diffi- 
cult to  shake  because  it  takes  no  account  of  any  of  the 
fiicts  by  which  it  is  overturned.  This  empiricism — melan- 
choly isheniance  of  earlier  times — invariably  maintains 
whatever  axioms  it  has  laid  down;  it  is  urogant,  as  is 
every  thing  tiiat  is  narrow-minded;  whilst  tme  physical 
philosophy,  founded  on  science,  doabte  because  it  seeks  to 
investigate  thotonghly, — distinguishes  between  tiiat  which  is 
certain  and  that  which  is  simply  probable,— and  labours 
incessantly  to  bring  its  theories  iieaier  to  perfection  by 
extending  the  circle  of  observation.  This  assemblsge  oi 
incomplete  dc^mas  bequeathed  &om  one  centuiy to  another, — 
this  system  of  physics  made  up  of  popular  prejudices,— is  not 
only  injurious  because  it  perpetuates  error  with  all  the 
obstinacy  of  the  supposed  evidence  of  iU-observed  &ct8, 
but  also  because  it  hinders  the  understanding  from  nsiug  to 
the  level  of  the  great  views  of  nature.  Instead  of  seeking  to 
discover  the  mean  state,  around  which,  in  the  midst  of 
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apparent  independence  and  irregularity,  the  phsenomeiui  teelly 
and  invariably  oscillate,  this  false  science  delights  in  multi- 
plying apparent  exceptions  to  the  dominion  of  fixed  laws; 
and  seeks,  in  o^anic  forms  and  in  the  phenomena  of  nature, 
other  marvels  than  those  presented  by  internal  progressive 
development,  and  by  regular  order  and  snccesaion.  Ever 
disinclined  to  recognise  in  the  present  the  analogy  of  the 
past,  it  is  always  disposed  to  believe  the  order  of  nature 
suspended  by  perturbations,  of  which  it  places  the  seat,  as  if 
by  chance,  sometimes  in  the  interior  of  the  earth,  sometimes 
in  the  remote  regions  of  space. 

It  is  the  special  object  of  this  work  to  combat  these 
errors,  which,  ori^natii^  in  vicioos  empiricism  and  de- 
fective  induction,  have  survived  even  amongst  the  higher 
classes  of  society  (often  by  the  side  of  much  literary 
cultivation),  and  thus  to  augment  and  ennoble  the  enjoy* 
ments  which  natm-e  affords,  by  imparting  a  deeper  view  into 
her  inner  being.  Such  enjoyment  (as  our  Carl  Bitter  has 
well  shewn)  is  highest,  when  the  whole  mass  of  fects  col- 
lected &om  different  regions  of  the  earth  is  comprehended 
in  one  glance,  and  placed  under  the  dominion  of  intel- 
lectual combination.  Increased  mental  cultivation,  in  all 
classes  of  society,  has  been  accompanied  by  an  increased 
desire  for  the  embellishment  of  life  through  the  augmenta. 
tion  of  the  mass  of  ideas,  and  of  the  means  of  generalising 
those  already  received.  Nor  is  such  a  desire  unworthy  of 
notice  in  reference  to  vague  accusations,  which  represent  th« 
loinds  of  men,  in  this  oor  iige,  as  occupied  almost  exclusively 
by  the  material  interests  of  life. 

I  touch,  almost  with  regret,  on  a  fear  which  seems  to  mo 
to  arise  either  from  a  tog  limited  view,  or  from  «  certain 
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feeble  Bentiineatality  of  character;  I  mean  Hie  tela  that 
nature  may  lose  part  of  her  chamui,  and  part  of  the  magic  of 
ler  power  over  oui  minda,  when  we  be^  to  penetrate  her 
secrets, — to  comprehend  the  mechanism  of  the  movements 
of  the  heavenly  bodiea,— and  to  estimate  nomericalljr  the  in* 
tensity  of  forces.  It  is  trae  that,  properly  speaking,  the 
forces  of  nature  can  only  exert  over  us  a  magical  power,  by 
their  action  being  to  onr  minds  enveloped  in  obscDtity,  and 
beyond  the  conditions  of  oar  experience.  Even  supposing 
t^  th^  would  thus  be  the  better  fitted  to  excite  our  into- 
gination,  that  assuredly  is  not  the  faculty  which  we  should 
prefer  to  evoke,  whilst  engaged  in  those  laborious  subsidiary 
observations,  which  have  for  their  ultimate  object  the  know- 
ledge of  the  grandest  aad  most  admirable  laws  of  the  vnU 
verse.  The  astronomer  occupied  in  determining,  by  the  aid 
of  the  heliometer,  or  of  the  doubly  refracting  prism  ("*),the 
diameter  of  planetary  bodiea  j  or  patiently  eug^ed  for  years 
in  measuring  the  meridian  altitudes  of  certain  stars  and 
their  distances  apart, — or,  searching  for  a  telescopic  comet 
among  a  crowded  group  of  nebulse,  does  not  feel  Iiis  ima- 
gination more  excited,  (and  this  ia  tlie  very  warrant  of  the 
accuracy  of  his  work,)  than  the  botanist  who  is  intent  on 
counting  the  divisions  of  the  caKx,  the  number  of  sta- 
mens,  or  the  sometimes  connected,  ajid  sometimes  indepen- 
dent, teeth  of  the  capsule  of  a  moss.  And  yet  it  is  these 
precise  angular  measurementB,  and  minute  o^nic  r^ations, 
which  prepare  and  open  the  way  to  the  higher  knowledge  of 
nature  and  of  the  laws  of  the  universe.  The  physical  phi- 
losopher (as  Thomas  Young,  Arago,  and  I'resnel,)  measures 
with  admirable  sagtieity  the  waves  of  light  of  unequal  length, 
which  by  their  interferences  reinforce  or  destroy  each  other, 
even  in  respect  to  ^ir  chemical  action ;  the  astronomer 
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armed  with  powerful  telescopes,  penetratea  space,  mid  con- 
templates the  satellitea  of  Uraaas  at  the  extreme  confinea 
ctf  our  solar  system*,  or  (like  Herschel,  South,  aod  Stmre) 
decomposes  &intlj  sparkling  points  into  double  stars,  differ- 
ing in  colour  and  twolving  round  «  common  centre  of 
gravity ;  the  botanist  discovers  the  constancy  of  the  gyratory 
motion  of  the  chara  in  the  greater  number  of  veg^ble  cells. 
Bind  recognises  the  intimate  relations  of  ai^anic  forms  in 
genera,  and  in  natural  families.  Surely  the  VBult  of  heaven 
studded  with  stars  and  nebult^  and  the  rich  v^table 
covering  which  mantles  the  e^h  in  the  dimate  of  palms, 
can  scarcely  fad  to  produce  on  these  laborious  observers  iio* 
pressions  more  imposing,  and  more  worthy  of  the  majesty 
of  creation,  than  on  minds  unaccuslomed  to  lay  hold  of  the 
great  mutual  relations  of  pluenomena.  I  cannot  therefore 
agree  with  Burke  when  he  says,  that  our  ignorance  of  natural 
things  is  the  principal  source  of  our  admiration,  and  of  the 
feeling  of  the  sublime.  The  iQusion  of  the  senses,  for  eiuu' 
pie,  would  have  nailed  the  stars  to  the  crystalline  dome  of 
the  sky ;  but  astronomy  has  assigned  to  space  an  indefinite 
extent ;  and  if  she  has  set  limits  to  the  great  nebula  to  which 
our  solar  system  belongs,  it  has  been  to  shew  us  fuitlier  and 
further  beyond  its  bounds,  (aa  our  optic  powers  are  in- 
creased,) island  after  island  of  scattered  nebnlfe.  The  feel* 
ing  of  the  sublime,  so  far  as  it  arises  from  the  contemplation 
of  physical  extent,  reflects  itself  in  the  feehng  of  the  infinite 
which  belongs  to  another  sphere  of  ideas.  That  which  it 
offers  of  solemn  and  imposing  it  owes  to  the  connexion  yast 
indicated ;  and  hence  the  analogy  of  the  emotions  and  of 
tJie  pleasure  excited  in  us  in  the  midst  of  the  wide  sea; 
[*  Written,  the  reader  viil  rememb^,  befDtc  tlu  diHCOverj  of  tho  p^AAet 
iA  Vemer. — Ei>.] 
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vt  on  some  lonely  monntain  sonumt,  Bonoanded  by  eead- 
toinspuent  Taporoiu  clouds ;  or,  when  placed  before  one  of 
those  powerfal  telescopefl  which  resolre  the  remoter  nebule 
into  stars,  the  imagiaation  aoan  into  the  botindleas  region! 
•f  nniversal  space. 

The  mere  accnnmlatioQ  of  nnconnected  obserrations  of 
details,  without  genendisation  of  ideas,  may  no  doubt  hare 
conduced  to  the  deeplj-RMtcd  prejudice,  that  the  study  of 
the  exact  sciences  most  necesBsrOy  tend  to  chill  the  feeli]ig% 
end  to  diminuh  the  nobler  enjoyment  attendant  on  the 
contemplation  of  nature.  Those  who '  in  tjie  present  day 
dteiish  such  an  error  in  the  midst  of  rapid  progress  and 
new  vistas  of  Imowledge,  M  in  appreciating  the  value  of 
every  eailargement  of  the  sphere  of  intellect,  and  of  the 
tendency  to  rise  from  separate  &Gta  to  results  of  a  higher 
tnd  more  generd  character.  To  this  fear  of  sacrificing, 
imder  the  influence  of  Bcieslific  reasoning,  somethii^  of  the 
free  enjoyment  of  natnie,  is  often  added  another  fear,  namely, 
that  the  extent  of  the  field  of  natural  knowledge  forbids  to 
,the  greats  part  of  muikind  access  to  its  ei^oyments.  It  is 
true  that  in  tiie  midst  of  the  universal  fluctuatioa  of  forces, 
and  c£  the  seemingly  inettricable  network  of  organic  life, 
alternately  developed  and  destroyed,  every  step  in  the  more 
intimate  knowledge  of  nature  leads  to  the  entrance  of  new 
labyiinths ;  but  to  those  engaged  in  the  pursuit  the  very 
multiplicity  of  paths  presenting  themselves,  the  exciting 
effort  of  divining  the  true  one,  the  presentiment  of  fresh 
mysteries  to  be  unveiled,  are  all  fall  of  enjoyment.  The 
discovery  of  each  separate  law  indicates,  even  if  it  does  not 
leveal,  to  the  intelligent  obaervw  the  existence  of  some 
otha  higlier  and  more  general  ktw.     1!4atiire,  according 
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to  the  definition  of  a  celebrated  phjsiolt^'^t  ("),  and  as 
the  Tord  itself  indicated  with  the  Orceke  and  Bomam,  is 
"tiiat  vhlch  is  in  perpetual  growth  and  progress,  and  which 
mbsists  in  continanl  ehauge  of  form  and  inteniBl  dev^ 
lopment."  The  series  of  organic  types  presented  to  am 
view  gradnallj  gains  enlargement  and  completeness,  as  pre- 
viously unknown  regions  »ie  penetrated  and  surveyed, — w 
living  organic  forms  are  compared  with  those  which  have 
disappeared  in  tlie  great  revolations  which  onr  planet  has 
undergone, — as  microscopes  have  been  rendered  more  p^- 
fect,  and  have  been  more  extenavely  employed.  Amid  this 
immense  variety  of  animal  and  vegetable  forma  and  their 
transformations,  we  see,  as  it  were,  incessantly  renewed  tha 
primordial  mystery  of  all  organic  and  vital  develc^ment, 
the  problem  of  metamorphosis,  so  happily  treated  by 
Goethe, — a  solution  corresponding  to  our  intuitive  desire 
to  arrange  all  the  varied  forms  of  life  under  a  small 
number  of  fundamental  types.  As  observation,  continually 
increasing,  reveals  yet  more  and  more  of  the  treasures  of 
nature,  mim  becomes  imbued  with  the  intimate  con- 
viction  that,  whether  we  regu^  the  surface  or  the  in- 
terior of  the  earth,  the  depths  of  the  ocean,  ot  the 
celestial  spaces,  the  scientific  conqueror  will  never  comj^ain 
with  the  Macedonian,  that  there  are  no  fresh  worlds  to  sub- 
ject to  his  dominion  {"),  General  considErations,  whether 
relating  to  matter  agglomerated  in  the  celestial  bodies,  or  to 
the  distributdou  of  organic  life  on  the  surface  of  the  earth,  are 
not  only  in  themselves  more  attractive  than  special  studies, 
but  they  also  offer  pecuhar  advantages  to  the  gTeat«r  number 
of  men  who  can  devote  but  little  time  to  such  occupations. 
The  different  branches  of  tlie  study  (J  natural  history  an 
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ooly  accessible  in  certein  positions  of  social  life ;  nor  do 
they  present  the  same  charm  in  all  seasons  and  in  all  climatei. 
If  OQT  interest  is  fixed  exdnsively  upon  one  class  of  objects, 
the  most  animated  accounts  of  travellers  from  distant  r^ions 
will  have  no  attraction  for  ns,  imlesB  they  ha|^n  to  touch 
on  the  chosen  sabjects  of  our  studies. 

As  the  history  of  nations,  if  it  were  possible  that  it  conld 
always  snccesdidly  trace  back  events  to  their  tme  causes, 
would  no  doubt  solve  to  ns  tjie  ev«z>recnrriug  enigma  of  the 
alternately  impeded  and  accderated  pn^ress  of  human 
society ;  HO,  likewise,  the  physical  description  of  the  Dni< 
verse,  the  science  of  the  Cosmos,  if  gasped  by  a  powerfol 
intellect,  and  based  on  the  knowledge  of  all  that  has  been 
discovered  up  to  a  given  epoch,  would  remove  many  of  those 
i^iparent  contradictions,  which  the  complication  of  phteno 
mena,  caused  by  a  moltitude  of  simnltaneous  perturbations, 
presents  at  the  first  glance. 

The  knowledge  of  laws,  whether  revealing  themselves  in 
the  ebb  and  flow  of  the  ocean,  in  the  paths  of  comet«,  or  in 
the  mutual  attractions  of  multiple  stars,  renders  ns  more 
conscious  of  the  "  cahn  of  nature :"  and  «e  might  say  that 
"the  discord  of  the  elen/ents," — that  long-cherished  phan- 
tasm of  the  humsn  mind  in  its  earlier  and  more  intuitive 
contemplations — is  gradually  dispelled  as  science  ext«nd8  its 
em^pire.  General  views  lead  us  habitually  to  regard  each 
organic  form  as  a  definite  part  of  the  entire  creation,  and  to 
reco  nise,  in  the  parfcicTilar  plant  or  animal,  not  an  isolated 
species,  but  a  fonn  linked  in  the  chain  of  bemg  to  other 
forms  living  or  extinct.  They  assist  its  in  compiehending 
tiie  relations  which  eiiist  between  the  most  recent.discoveries, 
and  those  which  have  prepared  tlie  vt^  for  thaoL    They  en- 
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large  l^e  bonncls  of  out  intellectnal  existence,  sai  while  W9 
ourselTes  may  be  living  in  letdremeat  they  place  ua  in  comma- 
uication  with  the  whole  globe.  Under  their  gnidance  ve 
follow  with  eager  interest  the  inveatigations  of  travellers  and 
observers  in  eveij  variety  of  olimate.  We  accompany,  in 
flionght,  file  bold  navigators  of  tbe  jxjar  seas ;  and,  amidst 
the  realm  of  peipetoal  ice,  view  with  them  that  volcano  of 
the  antarctic  pole,  whose  fires  are  seen  from  a&r,  even  at  the 
■eason  when  no  night  hvoois  their  brightness,  'fhe  intellec- 
faial  objecte,  both  of  these  advratarous  voyi^es,  and  of  those 
«t«tioiiB  of  observations  recently  estoblished  in  ahnost  every 
latitude,  are  not  strange  to  ns  j  for  we  can  oomprehend  soii>e 
of  the  wond»s  of  tenestrial  magnetian,  and  general  views 
lend  an  irresistible  attraction  to  the  consideration  of  those 
magnetic  storms,  which  embrace  the  whole  circmnfeience  of 
tlte  earth  at  the  same  instant  of  time. 

Let  me  be  permitted  to  elucidate  the  preceding  considera* 
tions,  by  touching  on  a  few  of  those  discoveries  whose 
importance  cannot  be  justly  appreciated  wiQiont  somo 
general  knowledge  of  physical  science.  Tor  this  purpose  I 
will  select  instances  which  have  recently  atteacted  mnt^ 
attention.  Who,  without  some  general  knowledge  of  the 
ordinary  patlis  of  comets,  could  perceive  how  fruitful  in 
GonsequenceB  was  Encke's  discovery,  by  which  a  com^  that 
in  its  elliptic  orbit  never  passes  out  of  our  planetary  sys* 
tern,  reveals  the  existence  of  an  ethereal  fluid  obstructing  its 
tangentiat  force  P  A  rapidly-spreading  htdf-knowledge  brings 
ncientific  results  iU  understood  into  the  conversation  of  the 
day,  and  the  supposed  danger  of  collision  between  two 
heavenly  bodies,  or  of  a  deterioration  of  climate  &om  cos- 
nical  caaaes,  ue  ^^ain  brought  fcnrwaid  in  a  new  and  more 
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deceptive  form.  Cleai  views  of  nature,  even  if  merely  hir- 
torical,  are  snfHcient  presenEttireft  againat  these  dc^matizing 
&ncieg.  The  hiatoiy  of  the  Htmoaphere,  and  of  the  annoal 
ramtions  of  its  temperatnie,  extends  already  Buffidenfly  far 
back  to  shew  thsit  these  confdst  in  repeated  small  oscDlations 
aroond  the  mean  temperature  of  a  station,  thereby  dispelling 
the  exa^erated  fear  of  a  general  and  progressive  deteriors* 
tion  of  the  climates  of  Europe.  Encke's  comet,  vhich  is 
one  of  the  three  interior  comets,  completing  its  conrse 
ia  1300  days,  must,  from  its  position  and  the  form  of  its 
path,  be  as  harmless  to  the  inhabitants  of  our  globe  as 
Halle/s  great  comet  of  1759  and  1836,  which  has  a  perioc 
of  seventy-six  years.  The  path  of  anoUier  comet  of  short 
period,  Biela's,  which  completes  its  conrse  in  six  years, 
does,  indeed,  intersect  the  earth's  path,  but  it  caa  only 
approach  us  when  its  perihelitm  coincides  with  our  winter 


The  quantity  of  heat  received  by  a  planetary  body  (the 
nnequal  distribution  of  which  determines  the  great  meteoro- 
logical processes  of  ooi  atmosphere}  depends  conjointly  on 
tJie  ligbt-ev(dving  power  of  the  sun  (i.  e.  the  nature  of  its 
snr&ce,  or  the  state  of  its  gaseous  covering],  and  on  the  re. 
lative  positions  of  the  sun  and  planet.  There  are,  indeed, 
periodical  varistiDns,  which  the  form  of  the  earth's  orbit  and 
the  obhqni^  of  the  echptic  undergo  in  obedience  to  the 
universal  law  of  gravitation ;  but  these  changes  are  so  slow, 
and  restricted  within  such  small  limits,  that  their  thermia 
effects  would  hardly  be  appreciable  by  our  present  ther- 
mometric  instanments  in  many  thousands  of  years  Supposed 
cosmical  causes  of  diminished  tfmperatnre  oi  moisture,  or 
of  epidemic  diseases, — of  which  the  idea  has  been  enter* 
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taiaed  in  modem  times,  as  well  as  in  the  middle  ages, — are, 
therefore,  wholly  beyond  the  range  of  our  actual  experimenttJ 

knowledge. 

I  may  also  borrow  ftom  physical  astronomy  other  examples, 
of  which  the  grandeur  and  the  intraest  cannot  be  felt  without 
some  general  knowledge  of  the  forces  which  animate  the 
universe,  and  may  adduce  the  elliptic  revolutions  of  many 
thousands  of  double  stars,  or  suns,  around  each  other,  or 
rather  around  their  common  centre  of  gravity,  revealing 
the  existence  of  the  Newtonian  attraction  in  those  dist^it 
worlds; — the  periodical  abundance  or  paucity  of  spots  on  the 
eun  {openings  in  the  opaque  but  luminous  envelope  of  the 
solid  nucleus) ; — and  the  periodic  appearance,  observed  tot 
some  years  past  about  the  12th  or  13th  of  November  and  the 
loth  or  11th  of  August,  of  countless  multitudes  of  shooting 
stars,  moving  with  planetary  swiftness,  which  probably  form 
a  belt  of  asteroids  intersecting  the  orbit  of  the  earth. 

Descending  from  the  skies  to  the  earth,  we  may  notice 
how  the  oscillations  of  a  pendulum  in  ait  (the  theory  of 
which  has  been  perfected  by  Bessel's  acuteness)  have  thrown 
light  on  the  internal  density,  I  might  say  on  the  degree  of 
solidification,  of  our  planet ;  they  have  also  served,  in  a  cer- 
tain sense,  to  sound  terrestrial  depths,  conveying  informa- 
tion respecting  the  geologicd  nature  of  strata  otherwise 
inaccessible.  In  this  manner,  as  well  as  in  others,  we  are 
enabled  to  trace  a  striking  analogy  between  the  production 
of  granular  rocks  ifi  lava  currents  which  have  £owed  down 
the  slopes  of  active  volcanoes,  and  those  granites,  porphyries^ 
and  serpentines,  which,  issuing  from  the  interior  of  the  earth, 
have  broken,  as  eruptive  rocks,  through  the  secondary 
stiate,  modifying  them  by  contact,  hardening  them  by  ths 
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introdnction  of  silei,  or  changing  them  iuto  dolomite,  or 
causing  in  them  the  formation  of  crystals  of  various  kinds. 
The  elevation  of  sporadic  islets,  of  domes  of  trachyte,  and 
of  cones  of  basalt,  by  the  elastic  forces  which  emanate  from 
the  £uid  interior  of  onr  planet,  conducted  the  first  geolc^st 
of  our  age,  Zjeopold  von  Bach,  to  the  theoiy  of  the  elevation 
of  continents  and  of  monntain  cliains  generally.  This  ac- 
tion of  subterranean  forces,  in  breaking  tiurongh  and  elevat- 
ing sedimentary  rocks,  of  which  the  coast  of  Chili  has 
offered  a  recent  example,  shows  as  how  the  oceanic  shells 
which  M.  Bonpland  and  myself  found  on  the  ridge  of  the 
Andes,  at  an  elevation  of  more  than  4600  metres  (about 
15100  English  feet),  may  have  been  conveyed  there,  not 
by  a  rise  of  the  ocean,  but  by  volcanic  agencies  elevating 
into  ridges  the  heat-softened  crust  of  the  globe. 

I  use  the  term  volcanic  agency  in  its  most  general  sense, 
applying  it,  whether  oa  tJie  earth  or  on  her  sateUil«  the 
moon,  to  that  reaction  of  the  interior  of  a  planet  ou  its 
crust,  which  ou  our  globe  at  least  has  been  very  different 
at  different  epochs.  Those  who  are  unacquainted  with  the 
fsperiments  which  show  the  increase  of  internal  heat  at 
increasing  depths  in  the  earth  to  be  so  rapid,  that  granite  (") 
is  supposed  to  be  in  a  state  of  fusion  about  twenty  geogra- 
phical mOes  below  the  surface,  cannot  have  a  clear  compre- 
hension  of  the  causes  of  the  simultaneity  of  volcanic  eruptions 
occurring  at  great  distances  apart, — of  the  extent  and  in- 
tersection of  cirdea  of  commotion  in  earthquakes,  —  of 
tiie  constancy  of  temperature  and  of  chemical  composition 
j&  thermal  ^rings  during  many  years  of  observation, — or 
of  the  difference  of  temperature  of  Artesian  wells  of  unequal 
depth.      And  yet  the  knowledge  of  the  internal  terrestrial 
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heat  throws  a  faint  l^ht  on  the  early  history  of  our  planet, 
by  showing  the  possibility  of  a  generally  prevdent  tropical 
climatCj  arising  from  the  heat  issuing  &om  crevices  in  the 
recently  oxydized  cnist  of  the  globe ;  a  state  of  things  in 
which  the  temperature  of  the  atmosphere  would  depend  far 
■  more  on  the  reaction  of  the  interior  of  the  planet  upon  ita 
crust,  than  on  its  relative  position  in  respect  to  the  central 
body  or  sun. 

The  cold  zones  of  the  earth  jwesent  to  tbe  researclies  of 
tile  geologist  many  buried  products  of  a  tropical  climate : — 
in  the  coal  forraations,  upright  stems  of  palmsj  conifenoj 
and  tree  ferns,  goniatites,  aaid  fishes  with  rhomboidal  ena- 
melled scales  {*^) ;  — in  the  Jura  limestone,  colossal  skeletons  of 
crocodiles  and  long-necked  Plesiosauri,  Planulites,  aud  stems 
of  Cycadesej — in  the  chalk,  small  Polytlialamia  and  Bryozoa, 
in  part  identical  with  some  of  oui  living  marine  animals; — ia 
tripoli  or  pohshing  slate,  in  semi-opal,  and  in  the  substance 
called  mountain  meal,  a^lomerated  masses  of  fossil  infu- 
soria, such  as  Ehienberg's  all-animating  microscope  has 
disclosed  to  us ; — and  lastly,  in  transported  soils  and  in  caves, 
bones  of  hyenas,  lions,  and  elephantine  Pachydermata.  An 
enlarged  knowledge  of  other  natural  phsenomena  renders 
these  objects  no  longer  an  occasion  for  mere  barren  curiosity 
and  wonder,  but  for  intelligent  study  and  profound  medita- 
tion. 

The  multiplicity  of  diverse  objectej  which  I  have  here 
purposely  crowded  together,  leads  directly  to  the  question, 
whether  general  views  of  natnre  can  possess  a  sufficient 
degree  of  clearness,  without  a  deep  and  earnest  apphcation 
to  separate  studies,  whether  of  descriptive  natural  history,  of 
geology,  of  physics,  or  of  mathematical  astronomy  f     la 
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attempting  a  reply,  we  mast  discriminate  carefull;  betreea 
the  teacliCT  who  undartaikes  the  sdection,  combination,  and 
presentation  of  the  lesolts,  and  the  person  who  receives 
them,  when  thus  presented,  as  something  not  sought  out  by 
himself,  but  communicated  to  him  by  another  To  the  first, 
some  exact  knowledge  of  the  special  is  indiRpensably  neces- 
sary ;  before  proceeding  to  the  generalisation  of  ideas,  he 
should  have  wand^ed  long  in  the  domains  of  the  separate 
sciences,  and  hare  himsdf  obeored,  experimented,  and  mea* 
snred.  I  cannot  deny  that  iHiere  positive  knowledge  is 
wanting  in  the  reader,  general  results,  which  in  their  mutual 
comiedion  lend  so  great  a  charm  to  the  contemplation  <rf 
nature,  are  not  susceptihle  of  being  al^ntys  developed  with 
equal  clearness ;  hut,  nevertheless,  I  permit  myself  the  plea- 
sure of  thinking,  that  in  the  work  which  I  am  preparing, 
the  greater  number  of  the  truths  presented  will  admit  of 
being  exhibited  without  the  necessity  of  always  reascending 
to  fundamental  principles  and  ideas.  The  picture  of  nature 
thus  drawn,  even  though  some  part  of  its  outline  may  be 
less  sharply  defined,  will  still  possess  truth  and  beauty,  and 
will  still  be  suited  to  enrich  the  intellect,  to  enlarge  the 
sphere  of  ideasj  aod  to  nourish  and  vivify  the  imt^ino* 
tion. 

Onr  scientific  literature  has  been  reproached,  and  perhaps 
ttot  without  justice,  with  not  sufficiently  separating  the  gene- 
ral from  the  special — the  view  of  that  already  gained,  from  the 
long  recital  of  the  means  which  have  led  to  it.  This  reproach 
even  led  the  greatest  poet  of  our  age  ('*)  to  exclaim  with 
impatience,  that  "  the  Germans  have  the  gift  of  rendering 
the  sciences  inaccessible."  "Whilst  the  scaffolding  stands, 
it  obscures  the  effect  of.  the  finished  buHding.     Who  can 
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doubt  that  tJie  uniformity  of  figure  observed  in  the  distribu- 
tion of  our  continental  masses,  by  which  they  taper  towards 
the  south,  and  spread  out  in  breadth  towards  the  north  " 
(a  fact  or  law  on  which  the  distribution  of  climates,  the 
prevaihng  direction  of  atmospheric  and  oceanic  currents,  and 
the  gieat  extension  of  tropical  forms  into  the  southern  tem- 
perate zone  so  materially  depend),  may  be  fully  apprehended, 
t<^tber  with  its  consequences,  wit^ut  any  acquaintance 
with  those  geodesical  and  astronomical  determinations,  by 
means  of  which  the  precise  forms  and  dimensions  of  tha 
continents  have  been  delineated  in  onr  maps  ?  Thus,  too, 
the  physical  description  of  the  earth  teaches  as  that  the 
length  of  the  equatorial  axis  of  our  planet  exceeds  that  of 
its  polar  axis  by  a  certain  number  of  miles,  and  informs  lu 
of  the  mean  equality  of  the  compression  of  the  northtm 
and  southern  hemi.'^pheres,  without  the  necessity  of  relating 
in  detail  the  measurements  of .  degrees  and  the  pendulum 
experiments,  by  means  of  which  we  have  arrived  at  the 
knowledge  that  the  true  figure  of  the  earth  is  that  of  an  irre* 
gular  ellipsoid  of  revolution,  and  is  reflected  in  the  irregu- 
larity of  the  movements  of  the  earth's  satellite,  the  moon. 

Enlarged  views  of  physical  geography  have  been  essen- 
tially adv^iced  by  the  appearance  of  the  admirable  work 
("  Erdkunde  im  Yerhitltniss  zur  Natur  und  zur  Geschicht* 
des  Menschen,  oder  allgemeine  vergleichende  Geographic") 
in  which  Carl  Bitter  has  characterized  so  powerfully  the  phy- 
eiognomy  of  our  globe,  and  has  shewn  the  influence  of  itf 
external  configuration,  both  on  the  physical  phsenomena  whiclt 
'  telce  place  on  its  surface,  and  on  the  migration  of  nations, 
their  laws,  their  manners,  and  their  history. 

]Prance  possesses  an  immortal  work,  Laplace's  "  Expodt 
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Uon  du  Syst^me  da  Monde,"  in  whicli  the  results  of  the 
highest,  mathematical  aod  lutronomical  labonn  of  all  pre* 
ceding  ages  are  presented,  detached  from  all  details  of  de> 
monstration.  In  this  work  &e  atmcture  of  the  heavens  is 
reduced  to  the  simple  solatioa  of  a  great  problem  in  me- 
chanics ;  and  yrt,  assuredly,  it  has  never  been  acoosed  of  in- 
eompletenesa,  or  want  of  profoundness.  Thi  separation  of 
the  general  from  the  special  not  only  renders  it  possible  to 
embrace  at  one  view,  "with  greater  clearness,  a  wider  field  of 
knowledge,  but  it  also  lends  to  the  treatment  of  natural 
science  a  character  of  greater  elevation  and  grandeur.  By 
tiie  suppression  of  details  the  masses  ae  better  seen,  and 
the  reasoning  faculty  is  enabled  to  grasp  that  which  might 
otherwise  escape  our  limited  powers  of  comprehension. 

The  high  degree  of  improvement  whidi  the  last  half  cea< 
tarj  has  witnessed  in  the  study  of  all  the  separate  branches 
of  natural  science,  but  especially  in  those  of  chemistry,  gene- 
ral physics,  geology,  and  descriptive  natnral  Idstoiy,  is  end- 
nently&vonrabletothepresentationofgeneralresnlts.  When 
first  looked  at  singly  and  snperEciaUy  all  phcenomena  appear 
unconnected ;  as  observations  multiply  and  are  combined  by 
reflection,  and  as  a  deeper  insight  into  natural  powers  is 
obtained,  more  and  mare  points  of  contact  and  links  of 
mutual  relation  are  discovered,  and  it  becomes  more  and 
more  possible  to  develope  general  truths  with  conciseness, 
without  superficiality.  In  an  age  of  such  rapid  and  bril- 
liant progress  as  the  present,  it  is  a  sure  criterion  of  the 
number  and  value  of  the  discoveries  to  be  hoped  for  in  any 
particular  science,  H,  thongh  sfndied  with  great  assiduity 
and  sagacity,  its  facts  still  appear  for  the  most  part  uncon- 
nected, with  little  mutual  relation,  or  even  in  some  instances 

VOL.    I.  «i 


•« 


82  ENL4BGED  TIBW8  OF  PHTSICAL 

in  seemiog  coatradictioii  with  each  other.  Sik&  is  the  kiud 
of  expectation  at  present  excit«d  bj  meteorolt^,  bj  many 
parts  of  optics,  and,  since  the  admirable  laboois  i^  Melloni 
tmd  Faraday,  hj  the  stadj  of  radiant  heat  and  of  electro* 
magnetism.  The  circle  of  brilliant  discoveries  has  here  still 
to  be  nm  through ;  although  the  Voltaic  pile  already  reveals 
the  wondrous  connection  of  electrical,  m;^etical,  and  choa 
mical  pluenomena.  Who  will  ventore  to  afOrm,  that  we  yet 
know  with  precision  that  part  of  the  atmosphere  which  is 
,  ■'X<,  i.«no*  o^genj  or  tliat  thousands  of  gaseous  substances  affecfc* 
tsa  our  organs  may  not  be  mixed  with  the  nitrogen  ?  or 
rwho  wiU  say  that  we  abeady  know  even  the  whole  nnmber 
of  the  forces  which  prevade  the  universe  ? 

It  is  not  the  purpose  of  this  work  to  attempt  to  reduce 
tdl  sensible  phGenomena  to  a  small  nnmber  of  abstract  prin- 
dples,  having  their  foundation  in  pure  reason  only.  The 
physic^  cosmography  of  which  I  attempt  the  exposition 
does  not  aspire  to  the  perilous  elevation  of  a  pure  rational 
science  of  nature.  Leaving  to  others,  who  may  perhaps 
adventure  on  them  with  more  success,  these  deptiis  of  a 
purely  speculative  ph^sophy,  my  essay  on  the  Cosmos  coo- 
eists  of  physical  geography,  joined  with  the  description 
ef  the  heavenlg  bodies  in  space :  its  aim  is  to  present 
a  view  of  the  material  universe,  which  may  rest  on  the 
experimental  fouud^ion  of  the  facts  roistered  by  science 
compared  and  combined  by  the  operations  of  the  intel- 
lect. It  is  within  these  limits  alone  that  the  under- 
taking can  harmonise  with  the  wholly  objective  tendency  of 
my  mental  disposition,  and  with  the  labours  which  have 
occupied  my  long  scientific  career.  The  unity  which  I  seek 
to  att^  in  the  development  of  the  great  phtcnomena  of 
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Batuie,  is  Eomilai  in  kind  to  that  wMcb  historical  oompos> 
tioBa  may  oStx.  All  that  bdongs  to  the  specialities  of  the 
actual, — to  its  indiridoalities,  variabilities,  and  accideats, 
r  whether  in  the  foim  and  connectioa  of  natural  objects  and 
phieaomena,  or  in  the  stzu^e  of  man  with  ^e  elements,  oi 
of  satiouswith  each  other, — does  not  tdmit  of  being  ro/t'i^fl-  ; 
ally  eonttructed,  that  is  to  say,  of  being  deduced  firom  .' 
ideas  alonfi.  I  venture  to  think  ^lat  a  like  degree  of  ' 
empiricism  attaches  to  the  descriptioii  <A  the  material  nni- 
rerse,  and  to  civil  history ;  but  in  reflecting  on  physical 
phaenomena  and  historical  ev^ts,  and  in  ressoning  back- 
ward to  their  canses,  we  rect^mse  more  and  more  the 
j^unds  of  that  ancient  belief,  that  the  forces  inherent  in 
matter,  and  those  which  regulate  the  moral  world,  exert  their 
action  onder  the  government  fA  «  primordial  necessity,  and 
in  recnrring  courses  of  great«r  or  less  period.  It  is  this 
necessity,  this  occult  but  pormaneut  connection,  this  perio- 
dical recurrence  in  the  progressive  development  of  forms,  of 
phsenomena  and  of  events,  which  constitute  nature  obedieut 
to  the  first-unparted  impulse  of  the  Caabx.  Physical  sci- 
ence, as  the  name  imports,  limits  itself  to  the  explaiiatian 
of  the  phffinomena  of  the  material  world  by  the  propertie* 
of  matter.  All  beyond  tliis  belongs  not  to  the  domain  of 
the  physics  of  the  univetsc^  but  to  a  higher  class  of  ideas. 
The  discovery  of  laws,  and  their  progressive  generalisa- 
tion, are  the  objects  of  the  e}tperiuiental  sciences.  Kant, 
vdui  has  never  been  deemed  on  irreligious  philosopher,  has 
tnced  with  rare  sagacity  the  limits  of  physical  eiplaaatioQB, 
is  his  cd^rated  "  Essay  on  tlie  Theory  and  Structure  of 
(     the  Heavens,"  published  at  Kdn^bo^  in  1755. 

lie  study  of  a  science  which  promises  to  lead  us  over  the 
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vide  range  of  creation,  may  be  likened  to  a  jonrn^  in  a 
distant  countiy.  Before  undertaking  it,  we  are  inclined  to 
measure,  perhaps  not  without  mistrust,  both  our  own 
strength  and  that  of  the  guide  who  offers  to  coudact  oa. 
But  our  fears  may  be  lessened  hj  remembering  how  in  our 
days,  an  increasing  knowledge  of  the  matoal  relation  of 
phEenomeoa,  leading  to  the  attainment  of  general  results,  Las 
more  thsa  kept  pace  with  tiie  vast  increase  of  separate 
observations.  The  chasms  which  divide  fitcts  from  each 
other  are  rapidly  filling  np ;  and  it  has  often  liappened  that 
buAs  observed  at  a  distance  have  thrown  a  new  and  unex- 
pected light  on  others  nearer  home,  which  had  long  seemed 
to  re^  all  efibrts  at  explanation.  Plants  imd  animab  which 
liad  long  appeal  insidated,  become  connect«d  with  others 
by  the  discoveiy  of  int«rmediate  forma  before  unknown ;  and 
the  geography  of  beings  endowed  with  oi^anic  life  receives 
completeness,  as  we  behold  species,  geuera,  and  whole 
families,  peculiar  to  one  continent,  reflected,  so  to  speak, 
in  analogous  forms,  or,  as  it  were,  in  equivalents,  in 
the  opposite  contihent.  These  tjansitious  may  be  traced, 
in  the  sometimes  fuller,  sometimes  more  rudimentary, 
development  of  particular  parts,  or  in  their  different  relative 
importance  in  the  balcmce  of  forces,  or  in  the  junction  of 
distinct  o^ans,  or  sometimes  in  resemblances  to  intermediate 
iorais,  not  perinanent,  but  only  characteristic  of  particular 
phaiMS  ot  a  normal  development.  Passing  to  the  considera- 
tion of  inorgEutic  bodies,  aad  to  examples  which  charactertee 
strongly  the  advances  of  modem  geology,  we  see  how, 
according  to  tlie  grand  views  of  Elie  de  Beaumont,  chains 
of  mountiuns,  dividing  different  climates,  floras,  and  nations, 
reveal  to  us  their  relative  age,  by  the  nature  of  the  seJimen- 
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tary  rocks  oplilled  by  then),  and  by  the  directioiis  which 
they  follow  over  the  long  crevicea  produced  by  the  action 
of  the  forces  which  have  elevated  in  ridges  portioiu  of 
the  crast  of  the  globe.  Selationa  of  superposition  of 
trachyte  and  of  syenidc  porphyry,  of  diorhe  and  of  rer- 
p^itine,  which  remain  donbtfol  if  studied  in  the  aurife- 
rous soila  of  Hui^aiy,  in  the  pbtinum  district  of  the 
Oural,  or  on  the  Sooth  Western  slope  of  the  Siberian 
Altai,  are  clearly  made  out  by  the  aid  of  observations  on 
the  big})  table-lands  of  Mexico  and  Antioqoia,  and  in 
the  unhealthy  ravines  ol  the  Ghoco.  The  most  impcvtant 
of  the  materinis  which  in  modon  times  have  aSbrded  a  eokd 
basis  for  physical  geography  have  not  been  accumulated  by 
chance.  In  eonformi^  with  its  characteristic  tendencies, 
our  age  has  recognised,  that  facts  obtained  by  observetions 
in  different  r^ons  of  the  earth,  can  <Hily  be  expected  to 
prove  fruits  in  resolts,  whm  the  baveUer  is  previously 
acquainted  with  the  state  and  wants  of  tibe  science  which  he 
seeks  to  advance,  and  when  his  researches  an  conducted 
under  the  guidance  of  sound  ideas,  and  some  insight  into 
the  character  smd  connection  of  nt^nral  ph^eaomena. 

By  means  of  the  happy,  though  often  too  easily  satisfied  ten- 
dency towards  general  conceptions,  a  tendency  dangerous  only 
m  its  abuse,  a  considerable  portion  of  the  results  of  natural 
knowledge  may  become  the  common  property  of  all  educated 
persons,  prodncing  a  sound  information  very  different  both 
in  substance  and  in  form  from  those  superficial  compilations, 
which  contained  the  sum  of  what,  up  to  the  close  of  the 
last  century,  was  complacently  designated  by  the  nnsuitable 
term  of  popular  scientific  knowledge.  I  take  pleasure  in 
persuading  myself  that  it  is  possible  for  scientiBc  subjects  to 
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be  presented  in  langui^,  grav%  dignified,  and  yet  animatecl ;" 
and  that  those  who  are  able  to  escape  occasionally  fcom  the 
restricted  circle  of  the  ordinary  duties  of  civil  life,  and  r^ret 
to  find  that  they  have  so  long  remained  strangers  to  nature, 
may  thus  have  opened  to  them  access  to  one  of  the  noblest 
enjoyments  which  the  activity  of  the  rational  faculties  can 
afford  to  man.  The  study  of  general  natural  knowledge 
awakens  in  as  as  it  were  new  perceptions  which  had  long 
lain  dormcoit ;  we  enter  into  a  more  intimate  communion 
with  the  external  world,  and  no  longer  remain  withoat  in- 
tCTeet  or  sympathy  for  that  which  at  onoe  promotes  the 
industrial  prepress  and  intellectual  ennoblement  of  man. 

The  clearer  our  in^ht  into  the  connection  of  piuenomen^ 
the  more  easily  shall  we  emancipate  ourselves  irom  the  error 
of  those,  who  do  not  perceiTe  that  for  the  intellectual  culti- 
TOtion  and  for  the  prosperi^  of  nations,  all  branches  of 
natoial  knowledge  are  alike  important;  wheUier  the  mea- 
Buring  and  describing  portion,  or  the  exammation  of 
chemical  constituents,  or  the  investigation  of  the  phy- 
acd  forces  by  which  all  matter  is  pervaded.  It  has  not 
been  uncommon  presumptuously  t«  depreciate  investigationa 
arbitrarily  characterised  as  "purely  theoretic,"  forgetting 
that  in  the  observation  of  a  '[duenomenon  which  shall  at  first 
E^ht  appear  isolated,  may  lie  concealed  the  gam  of  a  great 
discovery.  When  Galvani  first  stimulated  the  nervous  fibre 
by  the  contact  of  two  dissimilar  metals,  his  immediate  contem- 
poraries could  not  have  foreseen  that  the  voltaic  pile  would 
discover  te  us  in  the  alkalis,  metals  of  a  silvery  lustre,  easily 
inflammable,  and  so  light  as  to  float  in  water ;  that  it  would 
become  the  most  important  instrument  of  chemical  analysis^ 
and  at  the  same  time  a  thenutocope  and  a  magnet.    When 
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Hnygais  int  flpjdnd  himsdf,  in  1678,  to  the  enigma  of 
the  plucBOmena  of  padarisation  of  light  exhibited  in  doubly, 
refractii^  spar,  and  obHrred  the  difference  between  the  two 
portions  into  wbioh  a  beam  of  light  divides  itself  in  passii^ 
throDgh  such  a  eiTatal,  it  w«a  not  foreseen  that  throngh  the 
admiral^e  s^acitf  of  a  physical  philosopher  of  the  present 
day('*),  the  phseamieRa  of  chromatic  polarisation  wonld 
lead  OS  todiscon,  by  means  of  a  minute  fragment  of  Iceland 
spar,  whether  the  light  of  the  aun  proceeds  from  a  solid 
nncleos,  or  from  a  gaseous  covering ;  whether  comets  are 
eelf-lominons,  or  reflect  bcxrvwed  Ught 

An  eqoal  appreciation  of  all  parts  of  natural  knowledge 
is  an  especial  reqoiiem^t  of  the  present  epoch,  in  which 
the  materia  wealth  and  increanng  prosperity  of  nations 
are  in  great  measure  based  on  ■  more  eulightcaied  employ* 
ment  of  natnral  products  and  forces.  The  most  supo;* 
ficial  glance  at  the  present  coodilioa  of  Enrqiean  stalei 
«hew9,  thiA  those  which  linga  in  the  nee  caonot  hope  to 
escape  the  partial  diminution,  imd  perhaps  the  fin^ 
annihilation,  of  their  resources.  It  is  with  nations  as  with 
nature,  which,  accordingtoaht^py^presfdonof  (jodthe('7), 
knows  no  paose  in  unceasing  movement,  development,  and 
production,  and  has  attached  a  curse  to  standing  still. 
The  danger  to  which  I  have  alluded  must  be  averted  by  the 
earnest'  cuHdvatios  of  natural  knowledge.  Man  can  only 
act  upon  nature,  and  approprut«  her  forces  to  his  use,  by 
comprehending  her  laws,  and  knowing  those  forces  in  relative 
value  and  measure.  Bacon  has  said  that,  in  human  societies, 
knowledge  is  power, — both  must  rise  or  sink  together. 
Knowledge  and  thought  are  at  once  the  delight  and  the 
pr^vgative  of  man;  and  they  are  elso  a  part  of  the  wealth  of 
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nations,  and  a&ea  afford  to  them  an  aboudant  indemnifica- 
tion  for  tlie  more  sparing  bestowal  of  natural  riches.  Those 
states  which  remain  behind  in  general  industrial  activity,  ja 
the  selection  and  preparation  of  natural  substances,  in  the  sp- 
plication  of  mechanics  and  chemistrj',— and  whereadue  appre- 
ciation of  auch  activity  faila  to  pervade  all  classes, — moat  see 
their  prosperity  diminish ;  and  that  the  more  rapidly  as  neigh- 
bouring states  are  meanwhile  advancing,  both  in  science  and 
in  the  Industrie  arts,  vith,  as  it  were,  renewed  and  youthful 
vigour. 

The  improvement  of  agriculture  in  the  hands  of  freemen, 
and  on  properties  of  moderate  extent, — the  flourishing  state 
of  the  mechanical  arts  freed  &om  the  trammels  of  the  spirit 
of  eorpoiation, — commerce  augmented  and  animated  by  the 
multiphed  contact  of  nations  with  each  oth^, — are  brilliant 
results  of  the  general  progress  of  intelligence,  uid  of  the 
amelioration  of  politicEd  (md  civil  institutions  in  which  tlutt 
progress  is  reflected.  The  picture  presented  by  modern  his- 
tory ought  to  convince  those  who  seem  tardy  in  apprehending 
the  instruction  which  it  is  fitted  to  convey.  Nor  let  it  be 
feared  that  the  predilection  for  industrial  progress  and  for 
tliose  branches  of  natural  scieoce  most  immediately  connected 
with  it,  which  characterizes  the  (^  in  which  we  live,  has  any 
necessary  teudeocy  to  check  inteUectual  exertion  in  the  fair 
fields  of  classical  antiquity,  history,  and  philosophy ;  or  to 
deprive  of  the  life-giving  breath  of  imagination,  the  arts  and 
the  literature  which  embellish  life.  Where  all  the  blossoms 
of  civilisation  unfold  themselves  with  vigour  under  the 
■belt«r  of  wise  laws  and  free  institutions,  there  is  no  dai^er 
of  tiie  development  of  the  human  mind  in  any  one  direction 
proving  pn^udicial  to  it  in  others.     Each  offers  to  the  nation 
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precioas  fmits, — ^those  which  famish  necessary  sobsisteiice 
and  comfort,  and  an  the  foundation  of  material  wealth,-^ 
and  tlLose  fruits  of  creative  fancy  which,  far  more  enduring 
than  that  wealth,  transmit  thf  Dlorr  nf  ihe.  nation  to  the 
remotest  posterity.  The  Spartans,  in  spite  of  the  Doric 
Kverity  of  their  mode  of  thought,  "prayed  the  Gods  to 
grant  them  the  beautiful  with  the  good  ('^)." 

As  in  that  higher  sphere  of  thought  and  feeling  to  which 
I  have  just  alluded,  in  philosophy,  poetry,  and  the  fine  arts, 
the  primary  aim  of  ereiy  study  ought  to  be  an  inward  one^ 
that  of  enlarging  and  fertilising  tike  intellect ;  so  the  direct 
fiim  of  science  should  ever  be  the  discovery  of  laws,  and  of 
the  principles  of  unity,  order,  and  connection,  which  eveiy 
where  reveal  themselves  in  the  universal  life  of  nature.  But 
by  that  happy  connection,  whereby  the  useful  is  ever  linked 
with  the  true^,  the  exalted,  and  the  beautiful,  science  thus 
followed  for  her  own  sake  will  pour  forth  abundant,  over* 
flowing  atreams,  to  enrich  and  fertilise  that  industrial  pros- 
perity, which  is  a  conquest  of  the  intelligmce  of  man  over 
matter. 

The  influence  of  mathematical  and  physical  knowledge  on 
national  prosperity,  ani  on  tbe  present  condition  of  Eocope, 
requires  here  only  a  passing  allusion:  the  weil-ui{!^  boundless 
-course  which  we  have  to  travel  over,  warns  me  that  it  would 
ill  become  me  to  digress  more  widely  from  the  leading  object 
of  OUT  undertaking,— the  contemplation  of  nature  as  a  whole. 
-Accustomed  to  distant  excursions,  I  have  perhaps  fallen  into 
the  error  of  describing  the  path  before  us  as  more  smooth 
and  pleasant  than  it  will  be  really  found,  as  those  are  wont  to 
do  who  love  to  guide  others  to  the  summit  of  lofty  monn- 
tana :  they  piaise  ijie  view,  even  when  great  part  <tf  the  dis< 


40  irmLUSNCS  or  mateeicahcal 

tnst  prospect  is  hidden  b^  the  clouds ;  knowing,  indeed,  that 
this  half  transparent  misty  veil  is  itself  not  altogether  without 
a  secret  charm  for  the  imagiQation,  I  too  ought  to  feat,  that 
from  the  height  to  vhich  this  physical  descriptioa  of  the 
nniverse  aspires,  many  parts  of  the  wide  horizon  may  appeal' 
dimly  lighted  and  imperfectiy  defined,— that  mnch  of  the 
prospect  may  remain  vague  and  obscnie,  and  this  not  only 
by  reason  of  the  want  of  connection  arising  &om  the  im- 
perfect state  of  some  branches  of  science,  bat  also  stiU  more^ 
(and  how,  in  bo  comprehensive  a  work,  should  I  not  will< 
ti^ly  own  it  P)  because  of  the  deficiencies  of  the  guide 
who  has  imprudei^y  veutnted  to  attempt  to  scj^e  these 
lofty  summits. 

The  object  of  tins  introductory  discourse  has  been  less  to 
represent  the  importance  of  nataial  knowledge,  which  i> 
admitted  by  all,  and  may  well  disp^ise  with  any  enlogium, 
than  to  shew  how,  without  {wejndice  to  the  thorough  and 
^dam^ital  study  of  sepatate  branches,  a  higher  point  of 
view  may  be  indicated,  from  whence  all  the  forms  and  the 
forces  of  nature  may  be  contemplated  in  intimate  and  livii^ 
Gonnecnoii. 

The  idea  of  physical  geography,  extended  bo  as  to  embrace 
au  that  we  know  of  the  material  creation  in  space  as  well 
as  on  our  own  globe,  passes  into  that  of  physical  cosmogr^ 
phy ;  tiie  one  term  is  moulded  upon  the  other.  But  the 
science  of  the  Cosmos,  as  I  understand  it,  is  not  tiia  mere 
encydopa^dio  a^r^ation  of  the  most  general  and  import 
tant  results,  extracted  &om  separate  wnka  on  nator^histofy, 
physicB,  and  astronomy.  Such  resalts  are  only  to  be  used 
as  mat^als,  and  in  so  for  as  Giej  illustrate  the  concurrent 
action  of  the  vaiioos  forces  in  the  nniverse,  and  the  maonet 
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in  vhicli  they  reciprocally  caU  forth  or  limit  each  other. 
"Rie  distributioii  of  orgamc  types  in  different  regions  and 
dimat«9  (i.  e.  the  geography  of  plants  and  animals,)  differs 
as  widely  from  descriptive  botaiqr  and  zoology,  as  does  » 
geolo^cal  knowledge  of  the  ^ohe  from  mineralogy  prop^y 
so  called.  The  physicd  description  of  the  nniverse  is  not 
&erefore  to  be  confounded  with  encyclopadiat  of  the  natu- 
ral sciences.  In  the  work  before  ns  it  is  proposed  to 
consider  partial  facU  only  in  their  relatjon  to  the  whole. 
The  higher  the  point  of  view  here  indicated,  the  more  the 
study  requires  a  peculiar  mode  of  treatment,  and  to  be  pre.  ' 
sented  in  animated  and  pictoresqne  langnage. 

But  thought  and  language  are  of  old  intimatdy  allied :  if 
l3ie  language  employed  lends  to  the  presentation  grace  and 
clearness,  if  by  its  organic  structure  its  richness,  and  happy 
flexibility,  it  &Toiirs  the  attempt  to  delineate  the  phacnomena 
of  nature,  it  at  the  same  time  reacts  almost  insensibly  on 
thought  itself,  and  breathes  over  it  an  animating  influence. 
Words,  therefore,  are  more  than  signs  and  forms ;  and  their 
mysterious  and  beneficent  influence  is  there  moat  powerfully 
manifested,  where  the  language  has  sprung  spontaneonslyfrom 
the  minds  of  the  people,  and  is  on  its  own  native  soil.  Proud 
of  my  country,  whose  intdlectual  unity  is  the  firm  foundation 
of  every  manifestation  of  her  power,  I  look  with  joy  to  these 
privileges  of  my  native  land.  Highly  favoured  indeed  is  he^ 
who,  in  attempting  an  animated  representation  of  the  plueno- 
mena  of  the  universe,  is  permitted  to  draw  frvm  tlie  depthsof 
a  language,  which  through  the  elevation  and  free  exercise  of 
powerful  thought,  in  the  domain  of  creative  fanc^  no  leas 
than  in  that  of  searching  reason,  has  for  centuries  exerted  so 
powerfol  an  infloence  over  the  minds  and  the  deetinies  of  nun 
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Js  the  preceding  disconrse,  I  have  sought  to  make  manirest^ 
and  to  illustrate  by  examples,  how  greatly  the  enjoyment  of 
naturej  varying  as  it  does  in  the  inward  sources  from  widch 
it  springs,  may. be  heightened  by  a  clear  insight  into  the 
connection  of  phenomena,  and  of  the  laws  by  which  they  are 
regulated.  I  have  now  to  examine  more  particularly  the 
spirit  of  the  method  of  exposition,  and  to  indical«  the  limits 
of  the  science  of  physical  cosmography,  such  ua  I  have  con- 
ceived it,  and  have  now  endeavoured  to  display  it,  after 
many  years  of  preparatory  studies  in  many  regions  of  the 
earth,  "Would,  that  in  so  doing,  I  might  flatter  myseK  with 
the  hope  of  thereby  justiffing  the  bold  title  of  my  work, 
and  freeing  it  from  the  reproach  of  presumption ! 

Before  entering  on  the  view  of  nattutr,  which  forms  the 
lai^er  portion  of  the  present  volume,  T  would  touch  on 
some  general  considerations  intimately  connected  with  each 
other,  with  the  nature  of  our  knowledge  of  the  external 
world,  and  with  the  relations  which  tiiis  knowledge  presents, 
'at  different  epochs  of  history,  to  the  different  phases  of  the 
intellectual  cultivation  of  nations.  These  considerations 
will  have  for  their  objects ; — 

1.  The  idea  and  the  limits  of  physical  cosmography  as  a 
distinct  and  separate  science. 

'■""81'^ 
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8.  'A  rapid  review  of  tiie  known  phieaoniena  of  tiiB  uni- 
verse, under  the  form  of  &  general  view  of  nature. 

3.  The  influence  of  the  external  world  on  the  imagina- 
tion and  feelings,  ^niis,  in  modem  times,  has  acted  as  a 
powerful  incitement  to  the  etady  of  the  natonJ  sciences, 
through  tiie  instrumentality  <£  animated  descriptions  of  dis- 
tant r^ons,  descriptive  poetry  (a  branch  of  modem  litera- 
tore),  of  landscape  painting  when  it  seises  the  characteristio 
physiognomy  of  vegetable  or  of  geolc^cal  forms,  and  by 
the  cultivation  and  arrangement  of  exotic  plemts,  in  well- 
contrasted  gronps, 

4.  The  history  of  the  contemplation  of  nature,  or  the 
progressive  development  of  the  idea  of  the  Cosmos,  with  tha 
esposition  of  the  historical  and  geographical  facts  which 
have  led  to  the  systematic  connection  of  the  phiEnomena  as 
they  are  thns  presented. 

The  higher  the  point  of  -  view  from  which  all  the 
phtenonaena  are  to  be  regarded  ia  this  study,  the  more 
necessary  it  is  to  circumscribe  it  within  its  just  limits, 
and  to  distinguish  it  from  all  analogous  and  auxiliary 
ones.  The  physical  description  of  the  universe  is  founded 
on  the  contemplation  of  all  the  material  creation  (whether 
sahstancea  or  forces)  co-existing  in  space.  'Far  man,  as  an 
inhabituit  of  the  earth,  it  may  be  ranged  under  two  kadiug 
divisions ;  the  tellnric  and  the  celestial.  I  will  pause  a  few 
momenta  on  the  first  of  these,  (or  on  that  portion  of  the 
science  of  the  Cosmos  which  concerns  the  Earth,)  in  order 
to  iUnstrate  tiie  independence  of  the  study,  and  the  nature 
-of  ita  relation  to  general  physics,  descriptive  natural  history, 
geology,  and  comparative  geography.  An  encycloptedic 
Bg^egation  of  these  would  no  more  constitute  the  telluric 
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portion  of  the  Cosmos,  than  a  mere  dry  enometatioa  of  the 
philosophical  opinions  prevailing  in  different  ages,  woold 
deserve  to  be  called  the  history  (^  philosophy. 

The  confasioa  between  the  boundaries  of  doaely  allied 
branches  of  study  has  been  the  greater,  because  for  centu- 
liea  different  portions  of  our  empirical  knowledge  have  been 
designated  by  teims  which  are  either  too  comprehensive,  or 
too  restricted,  for  the  notions  they  were  intended  to  eonv^ ; 
and  which  have  besides  the  disadvauti^  of  having  borne  a . 
very  different  sense  in  the  languages  of  classical  antiquity 
&om  which  they  have  been  borrowed.  The  terms  of  physics, 
physiology,  natural  history,  geology,  and  geography,  arose 
and  grew  iato  general  use  long  before  dear  ideas  were  enter- 
tained of  the  diversity  of  the  objects  which  those  sciences 
ought  to  embrace,  and  consequently  of  titeir  respective 
limite.  Such  is  the  influence  of  long  habit  upon  language, 
(hat  in  one  of  the  nations  of  Europe  most  advanced  in 
civilisation,  the  word  "  physic"  is  applied  to  medicine ;  and 
ia  a  Soeie^  of  justly  deserved  and  univearsal  renown,  writ- 
ings on  technical  chemistry,  geology,  and  astronomy  experi- 
pirically  treated,  (all  branches  of  purely  expenm^tal  sci^ce), 
are  classed  under  the  general  title  of  "  Fhilosophicsl  Transeo* 
tions."  The  attempt  has  often  been  made,  and  almost  always 
in  vain,  to  substitute  new  and  more  appropriate  names  for 
(hose  ancient  terms, — vague,  it  is  true,  but  which,  however, 
are  now  geuendly  understood.  These  changes  have  been 
proposed,  for  the  inost  part,  by  those  who  have  occupied 
tbemsdves  with  the  general  dassification  of  all  branches  of 
bnman  knowledge }  from  the  great  Encyclopeedia  (Maigorita 
Philoaophica)  of  Gregory  IteiBch('s),  Prior  of  the  Chartreuse 
gf  Ireibutg   towards  the  end  of  the  fifteenth  century,  to 
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Ijord  Bacon ;  from  Bacon  to  I>*AIembert ;  and  still  more 
recently  to  a  s^^acions  physicist  of  oui  ovn  time,  AndrS-Marie 
■Amp6re(^).  The  selection  of  an  in^propriate  Greek  nomen- 
clatare  has,  perhaps,  been  even  more  prejudicial  to  thelaat  of 
these  attempts,  than  the  abuse  of  the  binary  division  and  the 
excessive  multiplication  of  gronps. 

The  physical  description  of  the  universe  as  an  object  of 
external  sens^  does  indeed  require  the  aid  of  general  physica 
and  of  descriptive  natural  histoij;  bat  the  consideration  of 
the  material  creation,  all  the  parte  of  which  are  linked  toge- 
ther by  mutucd  connection,  nnder  the  figure  of  a  natural 
whole  animated  and  moved  by  inward  forces,  gives  to  the 
science  which  now  occupies  ua  a  peculiar  character.  Physical 
science  dweUs  on  the  general  properties  of  matter ;  it  is  an 
abstract  representation  of  the  manifestations  of  physical 
forces,  and  in  the  work  in  which  its  earliest  foundations  were 
laid,  in  the  eight  books  of  Fhysica  of  AriatotleC),  all  the 
^uBuomena  of  nature  are  depicted  as  the  moving  vital  activity 
of  a  universal  force  or  power. 

The  telluric  portion  of  the  physical  description  of  the 
omverse,  to  which  I  preserve  the  old  and  expressive  title  of 
physical  geography,  treats  of  the  distribution  of  magnetism 
on  om  planet  in  its  relations  of  intensity  and  direction,  but 
does  not  teach  the  laws  of  magnetic  attraction  and  repulsion, 
or  the  means  of  eliciting  powerful  dectio-msgnetic  effects, 
whether  transitorily  or  permanently.  Physical  geogn^hy 
describes  in  bold  and  general  outlines  the  compact  or  in- 
dented configuration  of  continents,  and  tiie  distribution  of 
their  masses  in  both  hemispheres, — a  distribution  which 
powerfully  infiuenccs  the  differences  of  climates  and  the  most 
important  meteoroli^cal  processes  of  the  atmosphere;  it 
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seizes  the  predominaafc  ch»ract«r  of  mountain  eliaJiiSf 
whether  parallel,  or  tranaverse  amd  intersecting,  and  whether 
belongiag  to  the  same  or  to  different  epochs  and  systems  of 
elevation  ;  it  examines  the  mean  height  of  continents  above 
the  present  surface  of  the  sea,  or  the  position  of  the  centre 
of  gravity  of  their  volume;  the  relation  of  the  highest 
Bummits  of  the  great  chains  to  the  general  line  of  their 
crests,  to  the  vicinity  of  the  sea,  and  to  the  mineral  charac- 
ter of  the  rocks  of  which  they  consist.  It  depicts  to  ns  the 
eruptive  rocks  as  active  principles  of  movement,  traversing, 
uplifting,  and  inclining  at  various  angles,  the  passive  sedi- 
mentary rocks .  it  considers  volcanoes  either  as  isolated,  or 
ranged  in  single  or  in  double  senes,  and  extending  their 
sphere  of  action  to  various  distances,  either  by  means  of 
long  harrow  bands  of  erupted  rocks,  or  by  earthquakes 
operatii^  in  circles  which  widen  or  contract  in  the  course  of 
centuries.  It  describes  the  strife  of  the  liquid  element  with 
the  firm  land ;  it  shews  the  features  which  are  common  to 
all  great  rivers  in  the  upper  and  in  the  lower  portion  of 
their  course,  and  how  they  become  subject  (o  bifurcation. 
It  characterises  rivers  either  as  breaking  their  way  through 
great  mountain  ch^s,  or  following,  for  a  time,  a  coTirse 
parallel  to  them,  either  close  to  thar  foot  or  at  a  considerable 
distance,  according  to  the  influence  which  the  elevation  of 
the  mountain  system  may  have  exercised  on  the  neighbouring 
plains.  It  is  only  the  general  results  of  comparative  oro- 
graphy and  hydrography  which  belong  to  the  science  whose 
proper  limits  I  am  endeavouring  to  trace,  and  not  the  enn- 
neration  of  our  loftiest  mountains,  active  volcanoes,  or 
rivers  with  the  extent  of  their  watershed  and  the  number  of 
their  tributaries.      All  these  details  belong  to  geography 
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pTOperif  SO  called,  in  its  most  Testricted  senae.  We  hera 
consider  phtenomena  only  in  theii  mutual  connection,  and 
in  theii  relations  to  the  different  zones  of  onr  planet, 
and  to  its  general  physical  conHtitution.  The  specidities 
either  of  inanimate  substances  or  of  o^tiic  beings,  classed 
according  to  analogy  of  form  and  composition,  do  indeed 
form  s  highly  int^^sting  subject  of  study,  but  quite  foreign 
to  the  present  work. 

Farticular  descriptionsof  cotmtnesare,  it  is  true,  the  most 
available  materials  for  a  general  physical  gec^raphy ;  but  the 
most  careful  successive  accumulation  of  such  descriptions 
would  be  as  far  &om  affording  a  true  picture  of  the  general 
conformation  of  the  irregular  sur&ce  of  our  planet,  sa  fl 
serieit  of  all  the  floras  of  different  regions  would  be  from 
forming  what  I  should  designate  by  the  term  of  <»  "  Geo- 
graphy  of  Plants."  It  is  the  work  of  the  intellect,  by 
comparing  and  combining  isolated  observations,  to  extract 
from  the  speoialitieB  of  organic  formation  (morphol(^  and 
the  descriptiTe  natural  history  of  plants  and  animals,)  that 
which  is  conmion  to  them  in  regard  to  their  climatic  distri- 
bution ; — to  investigate  the  numerical  laws,  or  Uie  proportion 
of  certain  fonns  or  particolar  families  to  the  whole  number 
of  species ; — to  assign  the  latitude  or  geographical  position  of  ! 
the  zone  where  (in  the  plains)  each  of  these  forms  reaches 
its  maximum  number  of  species,  and  its  highest  orgpnit 
development.  These  considerations  will  lead  us  to  perceiva 
the  manner  in  which  the  picturesque  charact^  of  the  land- 
scape in  different  latitudes,  and  the  impression  which  it  pro- 
duces on  the  mind,  depend  principally  on  the  laws  of  the 
get^raphy  of  plants,  or  the  relative  nnmher  and  more  vigorous 
grovth  of  those  which  pedominate  in  the  gencjal  mass.    The 
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BjatematicaHy-arrai^d  catalognes,  to  whicli  the  too  pompous 
name  of  "  Systems  of  Nature"  was  formerly  given,  present  to 
ns  an  admirable  coonection  and  arrangemeat  by  analogies  of 
Btructnre,  whether  completely  developed,  or  (according  to 
Tiews  of  an  evolution  in  spirals)  in  the  different  phases  passed 
through  in  vegetables,  by  the  leaves,  bracteas,  calix,  blossom, 
and  fruit,  and  in  animals  by  their  cellular  and  fibrous  tissues, 
and  their  articubtions  or  less  perfectly  developed  pwts.  But 
these  ingeniously  classified  so  called  "  systems  of  nature,'" 
do  not  shew  ns  organic  beings  as  they  are  grouped  over  tlie 
Biiriace  of  our  planet,  in  disbriots,  zones  of  latitude,  or  of 
elevation,  and  according  to  other  dimalac  influences  arising 
from  general  and  often  very  distant  causes.  Eat,  as  we 
liave  ^ready  said,  the  final  aim  of  physicid  geography  is  to 
recognise  unity  in  the  vast  variety  of  phsenomena,  and  by 
the  exercise  of  thoi^ht  and  the  combination  of  observations, 
to  discern  that  which  is  constant  tlireugh  apparent  change. 
In  the  exposition  of  the  terrestrial  portion  of  the  Cosmos, 
we  may  sometimes  find  occasion  to  descend  to  very  special 
fact«,  but  it  will  only  be  for  the  purpose  of  lecalliog  the 
connection  existing  between  the  taws  of  the  actual  distriba- 
tion  of  organic  beings  over  the  surface  of  the  globe,  and  ths 
laws  of  the  ideal  cUssiication  by  natural  families,  analogy 
of  internal  organisation,  and  progressive  evolution. 

It  follows  from  these  discussions  on  the  limits  of  different 
sciences,  and  particularly  from  the  distinction  which  it  is 
necessary  to  dr»w  between  descriptive  botany  (morpholt^) 
and  the  geography  of  plants,  that,  in  the  physical  description 
of  the  globe,  the  inanmerable  multitude  of  organised  bodies, 
which  form  eo  hoge  a  portion  of  the  beauties  of  creation, 
■<N^hl  to  be  considered  rather  with  reference  to  tones  of 
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koHtation,  and  to  tlie  differeotlj  inflected  Uothermat 
curves,  tiun  acoording  to  prinmples  of  gradation  in  tin 
development  of  their  internal  organisation.  But  botany 
and  zoology,  which  are  the  two  hnnches  of  the  descriptive 
natural  histfay  Of  o^amsed  bodies,  are  the  frmtful  sourcei 
from  wlience  we  draw  the  materials,  witiioot  which  the 
study  (tf  the  relations  and  coniiection  of  phsnomena  would 
want  a  solid  fonndatioii. 

We  will  here  add  an  important  obaerratton.  The  fint 
general  glauce  over  the  vegetation  of  an  extensive  porti<m 
of  a  continent^  shews  as  an  assemblage  of  iJiMimilar  forms, — 
gnonineae,  orchideee,  conifen^  and  oaks :  we  perceive  the«e 
'&milie3  and  genera,  instead  of  being  locally  associated,  scat- 
tered  apparently  as  it  wen  by  chance :  but  this  irreguhir 
dispersion  is  only  i^parent;  and  it  is  the  province  of  phy< 
sical  geography  to  shew  that  vegetation  every  where  presents 
constant  numerical  relations  in  the  development  of  ite  focms 
and  types;  that,  in  the  same  ohmates,  speciea  which  are 
wanting  in  one  conntry,  are  replaced  in  a  ncsg^ibonring  one 
by  other  species  of  the  same  funihes,  according  to  a  law  at 
substitution,  which  seems  to  belong  to  the  yet  nuknown 
relations  of  organised  beings ;  and  by  which  the  numerical 
proportion  of  particular  great  &milies  to  Ulo  whole  mass  of 
the  phKDOgmnoiis  floras  in  adjoining  countries  is  main- 
tained. There  is  thus  revealed  in  the  multatnde  of  organie 
forms  by  which  these  regions  are  peopled  a  principle  of 
unity,  a  primitive  plan  of  distribution.  There  is  also  dis- 
covered in  each  zone,  diversified  according  to  the  &milies  of 
plants,  a  slow  but  con&tUQne  action  on  the  aerid  ocean,  an 
action  which  depends  on  the  influence  of  light — that  primary 
and  essential  condition  of  all  organic  vitality  on  the  solid  ot 
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liqmd  taubce  of  oar  planet.  It  m^fat  be  aid,  sccording  to 
a  fine  enpnaaoa  ot  iMtaaa,  Otat  dw  nurd  of  the  aa- 
cient  myiiau  of  Fiometheos  is  inceamiilf  icnnred  before 

ODTejO. 

When  we  if^  tbe  eooTM  wbidi  it  b  proposed  to  follow 
in  the  e^uiition  (rf  the  pl^facal  deso^ttion  of  the  earth,  to 
the  ndereal  part  of  tbe  sdoice  -ot  tbe  Cosmos,  or  to  the 

description  of  what  is  known  to  ns  of  the  r^ions  of  spac^ 
and  of  the  lieaveal;  bodieB  whidi  iJuy  contain,  we  shall 
find  our  task  remaikablj  siropUfied.  Il^  according  to  an- 
cient bnt  inexact  fbrms  t^  nomendatnre,  we  distinguish 
between  phytic*,  <«  the  general  consideration  of  matter,  its 
foaxs,  and  its  morementB, — and  eheaaatry,  or  the  consider 
ration  of  the  diffnent  nature  of  sabstances,  their  elementary 
composition,  and  their  attractions  not  depending  on  lels- 
tion£  of  mass  or  the  laws  of  gravitation, — we  most  of  course 
rec<^:nise  that  the  ic^nric  portion  of  our  stady  embraces 
both  phyiieal  and  chemical  processes.  By  the  side  of  the 
fimdamental  force  of  gravitation,  we  diecorer  around  ns  on 
the  earth  the  action  of  other  forces,  t^ing  effect  either 
when  the  particles  of  matta  are  in  contact,  or  at  exceedingly 
small  distances  apart  (^) ;  to  which  forces  we  give  the  name  of 
chemical  affinity*  tinder  variona  modifications,  by  electri- 
dtjj  by  heat,  by  condensation  in  porous  bodies,  or  by  the 
contact  of  an  intermediate  substance,  these  forces  are  inces- 
santly in  action  in  inoi^anic  matter,  and  in  the  tissues  of 
animals  and  plants.  But,  in  the  regiona  of  space,  we  are 
only  cognizant  by  direct  observation  of  physical  phtenomena, 
and  among  these  (excepting  in  the  case  of  the  small  ast^ 
loids,  which  appear  to  us  under  the  fomi  of  aerolites  or 
Bhooting  itais,)  we  know  vith  certainty  only  those  effects 
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wluch  depend  on  the  qnantitatiTe  lelations  of  matter  or  the 
distribution  ot  masBea ;  and  wbidi  maj  therefore  be  Gontem> 
plated  as  govenied  bf  Buople  dynamic  laws.  ESects  das  to 
specific  differences,  or  to  heterogeneous  qualities  of  mstter, 
do  not  as  jet  eotei  into  onr  calcnlstionB  of  the  cdestiaT 


It  is  onlj  throngfa  the  phsnomeni  of  light  (the  prop^s- 
tion  of  lominooB  waves)  uid  the  ^eota  of  gravitation,  that 
ti}e  inhabitants  of  our  earth  enter  into  relation  with  matter 
in  space,  whether  existing  in  spheroidB,  or  in  a  dispersed 
form.  The  czistdDce  of  a  periodical  influence  of  the  son  w 
moon  on  the  variations  of  terrestrial  magnetism  is  still  highlj 
problematical.  The  onljdirectexperimental  knowledge  which 
we  possess  of  any  of  the  specific  properties  or  qualities  of 
matter  not  belonging  to  our  planet,  is  derived  from  the  fall 
of  the  a^otites  or  meteoric  stones,  already  alluded  to. 
Their  direction  and  enormous  velocity  of  projection  (a  velo- 
aij  whoQy  planetary)  render  it  more  than  probable,  that 
these  masses,  enveloped  in  vapours  and  reaching  the  earth 
in  a  state  of  high  temperatare,  are  small  heavenly  bodies, 
which  the  attraction  of  our  planet  has  caused  to  deviate 
from  their  previous  path.  The  aspect  so  ^miliar  to  as  of  these 
asteroids,  and  the  analogy  which  thear  compositioD  presents 
to  the  minerals  of  which  the  crost  of  our  globe  is  formed^ 
ore  indeed  vay  striking.  The  inference  to  which  they  point 
appears  to  roe  to  be,  that  the  planetary  and  otha  masses 
were  agglcmierated  in  rings  of  vapour,  and  afterwards  in 
spheroids,  under  the  influence  of  a  central  body ;  and  that 
being  originally  integral  parts  of  the  same  system,  they  con> 
sist  of  Bubstancea  chemically  identicsl.  Pendulum  experi- 
ments, and  especaally  tbasa  made  by  Bessel  with  bo  high  a 
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degree  of  precision,  confirm  the  Nevtoman  asiom,  that  the 
acceleration  occasioned  hj  the  attraction  d  the  earth  is 
identical  in  hodies  the  most  hetert^eueooa  in  composiition,-— 
viz.,  Tater,  gold,  quartz,  granular  limestone,  and  portionB 
of  different  aerolites.  IPuiely  astronomical  obserrations  add 
their  testimony  to  the  jffoofs  afibrded  bj  the  pendulnm. 
The  almost  identical  results  found  for  the  mass  of  Jupiter, 
&om  its  indnence  on  his  own  satellites,  on  Encke's  comet  of 
short  period,  aai  on  the  small  planets,  Vesta,  Juno,  Ceres, 
and  Fallasj  eqnallf  teach  that,  as  fiir  as  our  observations 
reach,  the  attraction  of  gravitation  is  determined  solely  hj 
the  quantity  of  matter  (**). 

This  absence  of  dl  percqrtion  (derived  either  from  obser- 
vation or  from  theoretical  considerations)  of  any  heteroge- 
neous qualities  of  matter,  gives  (o  celestial  mechanics  a  high 
degree  of  simplicity.  The  study  of  the  immense  regions  of 
space  b^g  directed  by  the  laws  of  motion  only,  the  sidraeal 
portion  of  -  the  Cosmos  draws  from  the  pore  tmd  abundant 
sources  of  mathematical  astronomy,  as  the  terrestritJ  portirm 
does  from  those  of  physics,  chemistry,  and  organic  morpho- 
logy. But  the  domain  of  the  three  last-named  sciences 
embraces  phienomena  so  complex,  and,  to  the  present  tim^ 
so  little  susceptible  of  the  application  of  rigorously  exa<^ 
methods,  that  the  physical  knowledge  of  the  globe  cannot 
hoast  of  the  certainty  and  simplicity  in  the  exposition  <rf 
&cts  and  of  their  mntaal  connection,  whii^  charadcnse  the 
celestial  portion  of  tlie  Cosmos.  This  didenaiee  may  be  tlie 
true  reason  why,  in  the  early  times  of  the  intellectaal  culti- 
vation of  the  Greeks,  the  natural  philosophy  of  the  Pytha- 
goreans was  directed  to  the  heavenly  bodies  in  space,  rather 
than  to  the  earth  and  her  productions ;  and  became  throngli 
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Philolftiis,  find  sabseqnenUy  throngh  the  analogoaB  views  of 
Aristaichus  of  Samoa,  and  Seleacos  of  Eiythrea,  of  bt 
greater  avail  towards  the  knowledge  of  the  true  Bjatem  <tf 
the  niUTeise,  thaa  the  nstanl  philoaoph^  of  tits  Ionic  achod 
could  ever  become  to  the  phyncal  knowledge  of  the  eartiu 
Giving  less  heed  to  the  properties  and  specific  differences  of  the 
VBzioos  kinds  of  matter,  the  great  ttatical  school,  in  its  Doric 
gravity,  preferred  to  tnm  its  regards  towards  all  that  relates 
tomeanire,fOTm,aiidmunbear(^);  whilethelomc  school  dwelt 
(HI  the  qnalities  of  matter,  its  real  or  supposed  transfonna* 
tioBs,  and  its  relatdons  of  origin.  It  was  reserved  to  ths 
powerfnl  genius,  and  to  the  at  once  profoundly  philosophy 
eal  and  practical  mind  of  Aristotle,  to  raiter  eqoaU;  de^ly 
and  Buccessfoll;  into  the  world  of  abstract  ideas,  and  into 
that  of  the  nch  diversity  of  material  substances,  of  organised 
beings,  and  animated  existrace. 

Several  highly  esteemed  treatises  on  physical  geogr^hy 
have  prefixed  to  them  an  intiodnctory  astronomical  section, 
in  which  the  earth  is  fint  considered  in  its  planetary  depei^ 
dence,  and  in  its  relation  to  the  solar  system.  This  order  of 
proceeding  is  opposite  to  that  which  I  propose  to  fc^ow. 
The  dignity  of  the  physical  description  of  the  nniverse  re- 
qniree  that  the  sidereal  portion,  which  Kant  has  called  the 
nataral  history  of  the  heavens,  should  not  be  made  sub- 
ordiDate  to  the  terrestrial  portion.  In  the  science  of  the 
Cosmos,  according  to  the  expressioo  of  Aristarchus  of  Samoa 
— tliat  ancient  hendd  of  the  Copemican  doctrine — the  sun 
(together  with  aD  his  sateUitcs]  is  viewed  bat  as  one  of  the 
conntlesa  host  of  stars.  It  ia  then  with  these  celestial 
bodies  with  which  space  is  peopled,  that  the  physical  descr^ 
tion  of  the  universe  ought  to  begin.    It  should  commencs 
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with  such  ft  graphic  ske(«b  of  the  nniverse  (such  a 
true  map  of  t/te  \eorid)  as  vas  traced  bj  tiie  bold  hand  o£ 
the  elder  HerscheL  If,  notwithstanding  the  smallness  of 
oni  planet,  the  telluric  portion  of  the  present  work  occupies 
the  largest  space,  and  is  treated  with  the  greatest  fulness, 
this  arises  onlj  &om  the  unequal  amount  of  our  knowledge 
of  that  which  is  vithm  and  that  which  is  beyond  onr  reach. 
The  sobordination  of  the  celestial  to  the  terrestrial  portioii  is 
met  with,  howevei,  in  the  great  geographical  work  of  Bonard 
Yarenius  (^),  written  in  the  middleof  theserenteenth  centniy, 
who  distinguishes,  with  gref^  acut«ness,  between  genwal  and 
special  geography;  snbdinding  the  fiist  into  an  absolute,  or 
properly  terrestrial  portion  (when  treating  of  the  surface  of 
the  etoth  in  its  different  zones),  and  a  relative  or  [Janetaty  one, 
when  considering  the  solar  and  lunar  relations  of  our  planet. 
It  is  a  permanent  gloiy  to  Yarenius,  that  his  "  General  and 
Comparative  Geography"  was  found  capable  of  fixing,  in  a 
high  d^ree,  tlie  attention  of  Newton.  In  the  imperfect 
State,  in  the  time  of  Yarenios,  of  the  auxiliaiy  branches  of 
knowledge  &om  which  his  resources  had  to  be  drawn,  it  was 
not  possible  that  the  execution  of  the  work  should  corre- 
spond to  the  greatness  of  the  undertaking.  It  was  reserved 
to  onr  own  time  to  see  comparative  geography,  in  its  most 
extended  sense,  and  even  unbracing  its  inflnence  on  the 
history  of  man,  batted  in  a  masterly  manner  by  my  own 
.Gountiyman,  Carl  Bitter  (^). 

The  enuineratiou  of  the  more  important  resnlts  of  the  astro- 
nomical and  physical  sciences,  which  in  the  Cosmos  radiate 
towards  a  common  centre,  may  justify,  in  some  degree,  the 
ttUe  which  I  have  ventured  to  afOx  to  this  work,  written  in 
the  late  e^'eniug  <A  my  life.     I  might  add,  that  the  title  is 
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pcrlutpfl  more  sdrentiiioas  tluiQ  the  enterprise  itself,  circtmi- 
Rribed  'within  the  timitfl  which  I  have  proposed.  In  &11 
Dif  previoiis  inreatigatioiis,  I  have  hitherto  avoidedj  u  much 
as  posablcj  tlie  introduction  ftf  new  names  to  express  general 
idets.  "When  I  have  attempted  to  enlai^  our  nomeuclatun, 
ithn  been  soHy  in  the  specialities  of  descriptive  botanjr  and 
zoology,  when  objects  observed  for  the  first  time  rendered  new 
names  necessary.  The  expression  of  ph^cal  cosmography, 
or  a  pliysical  description  of  the  oniverse,  is  formed  on  that  ol 
physical  geography,  or  a  physical  description  of  the  earth, 
which  has  long  berai  used.  The  powerful  genius  of  Des- 
cartes hat  left  OS  some  fragments  of  a  great  work,  which  he 
intended  shonld  appear  under  the  title  of  "  Monde,"  and 
for  which  he  had  begun  to  study  special  subjects,  end  even 
human  anatomy.  The  litUe  used,  but  precise  expression  of 
the  science  of  the  Cotmoa,  recals  to  the  inhabitant  of  our  I 
^obe  that  we  are  treating  of  a  wMer  horizon,  of  the  assemr  /. 
blage  of  all  the  material  things  with  which  space  is  filled, 
from  the  remotest  nebula,  to  the  climatic  distribution  (rf 
the  thin  vf^etable  tissues  of  variously  coloured  licheus, 
vrhich  clothe  the  sur&ce  of  rocks. 

In  every  language,  views  entertained  in  the  infency  of 
nations  have  led  to  a  confusion  of  the  ideas  of  earth  and 
leorld :  the  common  expressions  of  "  voyages  ronad  the 
World,"  "  map  of  the  worid,"  "  new  world,"  are  instances 
of  this  confusion.  The  more  accurate  and  more  noble  ex- 
pressions* of  "system  (^  the  world,"   "creation  of  tha 

■  Oar  Ungnaga  doea  not  pouesa  all  the  eipMSSioiis  referred  to  by  H.  de 
Hnmboldt.  Wa  have  no  direct  Eogltsh  eqntTaleDla  for  tha  eipreulTe  EIbt- 
•aatarnw  "  WdtgeUods,"  "WeltiMim,"  ukd  "WeKkorper." 
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world,"  and  otlias  of  a  similai  nature,  relate  either  to  ths 
whole  of  the  bodies  with  which  celestial  space  is  filled,  txtO 
the  origin  of  the  entire  universe. 

it  was  natural  that,  amidst  the  extreme  variability  of  the 
pbffiuomena  presented  by  the  sur&ce  of  the  earth  and  tba 
■aironncbug  aerial  ocean,  men  should  have  been  impressed 
by  the  aspect  of  the  vault  of  heaven  and  the  regular  and 
nnifomi  moreraeuts  of  the  son  and  planets.  The  word 
Coimos,  which,  in  its  primitive  signification  in  the  Homeric 
times,  expressed  the  ideas  of  ornament  and  order,  was 
aobseqaently  applied  to  tiie  order  and  harmony  observed  in 
the  movements  of  the  heavenly  bodies ;  then  to  those  bodies 
generally ;  and  finally,  to  the  muverse  itself.  It  is  asserted 
by  Philolaus, — the  gennine  fragments  of  whose  writings  hare 
been  commented  on  with  bo  much  sagacity  by  M.  SSekh, — 
that,  according  to  the  general  testimony  of  antiquity(W), 
"  i^ihagoias  was  tiie  first  who  used  the  word  Cosmos  to 
esptess  the  ord<7  which  reigns  in  the  universe,  or  the 
world  or  universe  itself."  From  the  Itatic  school  of 
philosophy,  the  term  naed  in  this  sense  passed  into  the 
language  of  the  poets  of  nature,  ^formeuides  and  Empe- 
dodes,  and  thence  into  that  of  prose  writers.  We  need  not 
enter  hoe  into  tiie  distinction,  which,  followii^  the  Pytha- 
gorean views,  Philolaiu  draws  between  Olympus,  TJranu^ 
and  Cosmos,  or  how  tlie  latter  word,  used  in  the  plural,  has 
been  apphed  individually  to  celestial  bodies  (the  plon^) 
circling  round  the  central  "  hearth,"  or  focus  of  the  world, 
OT  to  "world-blaiids,"or  groups  of  stars.  In  mywor^ 
the  word  Cosmos  is  employed  as  signi^ng  the  heavens  and 
the  eari-h,  or  the  whole  world  c^  sense,  or  the  material  uni- 
verse; ^^reeably  to  genend  Hellenic  usage  subsequently  to  the 
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time  of  Pytb^ores,  and  in  c3iifonnitj  with  its  defiuition  by 
&e  unknown  author  of  the  treatise,  entitled  "De  Uundo," 
which  was  long  erroneoiuly  attribnted  to  Aristotle.  If 
scientific  names  had  not  long  varied  fnmi  their  trne  linguistic 
meaning,  the  present  wort  might  properly  have  been  entitled 
••  Cogmograpky,"  divided  into  XJranography  and  Geo- 
grapky.  The  desire  of  imitating  the  Greeks  led  the  later 
Somana,  in  thdr  feebler  philosophical  essays,  to  give  the 
signification  of  universe  to  the  word  mundut,  the  primary 
meaning  of  which  itea  merely  that  of  ornament,  without 
including  order  or  regnlarity  in  tiie  arrangement  of  parts. 
The  introduction  of  this  technical  term,  in  the  same  double 
Bignification  as  the  Crreek  word  Cosmos,  was  probably  doe 
to  Ei]ma9{^),  who  was  a  follower  of  the  Italic  school,  and 
translated  the  writings  of  Epichamtus,  or  one  of  his  imita- 
tors, on  the  J^rthsgorean  Philosophy.  A  physical  kittory 
of  the  nmverse,  in  the  extended  sense  of  the  word,  oughl^ 
if  materials  for  writing  it  existed,  to  trace  the  vmiationa 
to  which  the  Cosmos  has  been  subjected  in  the  course  of 
ages,  from  those  new  stars  which  have  suddenly  become 
visible  or  have  disappeared  in  the  firmament,  from  nebulra 
dissolving  or  condensing  towards  their  centres, — to  the 
first  cryptogamic  v^tation  on  the  roiface  of  the  recently 
cooled  crust  of  the  globe,  or  that  which  now  clothes  the 
coral  reef  newly  risen  above  the  ocean.  On  the  other 
hand,  the  object  of  a  physical  description  of  the  universe 
is  to  present  a  view  of  all  that  co-exista  in  space,  and  of 
the  simultaneous  action  of  natural  forces,  with  the  result- 
bg  ptuenomena.  But  if  we  wish  to  comprehend  existing 
nature  well,  we  cannot  separate  entirely  and  absolutely  the 
of  the  present  state  of  things,  from  that  of 
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tile  successive  phases  through  which  they  have  prerionsly 
passed.  The  mode  of  fonuatioii,  or  of  px)dactioD,  is  often 
•B  important  elemeiit  of  their  character.  Nor  is  it  in  the 
oi^anic  world  onljr  that  matter  is  conataotlj  imdergoing 
change,  and  dissolving  to  be  fonned  into  new  combinations  : 
the  globe  on  whicli  we  live  also  reveals  the  knowledge  of 
as  earlier  state;  the  etrata  of  sedimentaiy  rockSj  which 
compose  a  large  portion  of  its  crust,  present  to  ns  earlier 
forms  of  orgauic  hfe,  which  have  now  ahnost  entirely  disap- 
peared ;  and  these  forms  are  associated  is  groups,  successively 
replacing  each  other.  The  different  superimposed  strata  thus 
present  to  us  the  buried  faunas  and  floras  of  different 
e^Kuhs.  In  this  sense  the  description  of  nature  cannot  be 
separated  from  its  history ;  for,  in  studying  the  present,  the 
geol(^ist,in  tracingthematual  relations  of  ^efactswhich  come 
before  him,  is  conducted  back  to  ages  long  past :  this  inter- 
mixtnre  of  past  and  present  is  in  some  respects  analogous  to 
that  which  may  be  observed  in  the  study  of  languages,  where 
the  etymologist  findstraces  of  successive  grammatical  develop- 
ments, leading  him  back  to  the  primitive  state  of  the 
idiom  reflected  as  it  were  in  fonns  of  speech  now  in  use. 
In  the  material  world,  this  reflex  of  the  past  is  the  clearer^, 
from  our  now  se^g  similar  eruptive  and  sedimentaiy  roeka 
in  process  of  formation,  ^e  perticulat  forms  of  domes  of 
trachyte,  basaltic,  cones,  bands  of  amygdaloid  with  long 
parallel  pores,  and  white .  depoedts  of  pumice  with  black 
Booriro  intennixed,  ^ve  in  the  ^e  of  the  geologist  a  pecu- 
liar kind  of  animation  to  the  tandsci^  acting  on  his  inuu 
gination  as  traditional  monuments  of  ao  earlier  world.  Their 
form  is  their  tustoiy. 

The  sense  in  which  the  Greeks  and  BomaiiB  employed  tho 
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word  history  shows  that  th^  too  had  the  mtimste  penna> 
taoa,  that,  to  form  a  complete  idea  of  the  actual  condition  of 
thingSj  it  was  neccsaaiy  to  consider  them  in  their  succes- 
sion. It  ia  not,  howeverj  in  the  definition  given  by  Verrim 
FlaccusC*),  bnt  in  the  zoological  writings  of  AriBtotle,  that 
the  word  hintort/  presents  itself  as  Bigni^ing  an  expontioa 
of  tlie  results  of  experience  and  observation.  The  elder 
Plin/s  physical  description  of  the  world  bears  ^e  title  of 
"  Ifatural  History ;"  wd  in  his  nephew's  letters,  the  nobler 
appellation  of  "History  of  Nature."  Tie  earlier  Greek 
historic  writers  scarcely  separated  the  description  of  countries 
&om  the  relation  of  events  of  which  they  had  been  the 
theatre.  In  their  writings,  physical  geography  and  history 
were  long  gracefully  and  pleasingly  interwoven,  until  the 
increasing  complesity  of  political  interests,  imd  the  agita- 
tions of  civil  life,  expelled  the  geographical  element  from 
the  history  «i  nations,  and  obliged  it  to  become  the  subject 
f&  a  separate  study. 

It  remuns  to  examine,  whether  we  can  hope,  by  the  op^ 
ration  of  thou^t,  to  rednce  the  immense  diversity  of  pheno- 
mena comprehended  by  the  Cosmos,  to  a  unity  of  prindple, 
similar  to  that  presented  by  the  evidence  of  what  are 
speciaUy  called  "rational  truths."  In  the  present  state  of 
OOT  empirical  knowledge  at  least,  we  dare  not  entertain  snch 
a  hope.  Experimental  sciences,  founded  on  observation 
of  the  estemal  world,  cannot  aspire  to  completeness ;  the 
nataire  of  things  and  the  imperfections  of  ont  organs  are  alike 
opposed  to  it.  We  shall  never  succeed  in  exhausting  the 
inexhaustible  riches  of  nature,  and  no  generation  of  men 
will  ever  be  able  to  boast  of  having  comprehended  all  phce- 
It  is  only  by  distributing  them  into  groaps,  that 
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we  liave  been  able  to  discover  in  some  tlie  empire  of  laws,  grand 
and  simple  es  Natnte  herself.  Doubtless,  the  bounds  of 
this  empire  will  be  enlai^ed  as  the  physical  sciences  gradually 
enlarge  their  domain,  and  become  more  perfect.  Brilliant 
examplea  of  such  progress  have  appeared  in  our  own  times,  in. 
the  phenomena  of  dectro-m^netiam,  and  in  those  of  the 
propagation  of  luminous  waves  and  of  radiant  heat.  The 
doctrine  of  evolution  shows  ua  how,  in  organic  devdopmenl^ 
all  that  is  formed  is  sketched  out  aa  it  were  beforehand,  and 
bow  the  tissues  of  botb  vegetable  and  animal  matter  aie 
Ttnifonnlj  produced  bj  the  multiphcation  andtransfonoation 
of  cells. 

The  generalisation  of  laws  which  were  Srst  applied  to 
smaller  groups  of  plueuomena  advances  by  successive  grada- 
tions, and  their  empire  is  extended,  and  their  evidence 
Btrengthened,  so  long  as  the  reasoning  process  is  directed  to 
really  analogous  phsenomena.  But  as  soon  as  dynamic  views 
no  longer  suffice,  and  the  specific  properties  of  h^eroge- 
neous  matter  come  into  play,  fear  may  be  entertained 
lest,  in  tlie  too  obstinate  pursuit  of  laws,  we  may  arrive  at 
imtjaasable  chasms:  the  principle  of  unity  feils,  and  the 
guiding  clue  breaks,  when,  in  tracing  the  ^ecta  of  natural 
forces,  we  come  to  specific  kinds  of  action.  The  law  of 
equivalents,  and  of  definite  numerical  proportions  w  com- 
pound substances,  so  happily  recognised  by  modem  chemislB 
and  proclaimed  nnd^  the  antique  form  of  atomic  symbols, 
remains  hitherto  isolated,  and  nnsubjeoted  to  the  mathema- 
tical laws  of  motion  and  gravitation. 

74^atural  productions,  which  are  objects  of  direct  ohoet- 
Tstion,  may  be  logically  distributed  in  classes,  ordca^ 
and  families.     Such  distribution  does  no  doubt  give  greater 
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eleaniess  to  d^criptiTe  natural  histoi; ;  but  the  study  d 
organised  bodies,  arranged  iu  Uvea  ocoinfttioii,  thooglt  it 
gives  greater  unitjr  aud  simplici^  to  the  distribatioa  (rf 
groups,  cannot  rise  to  the  hraght  of  a  classification  founded 
on  a  sole  principle  of  composition  and  internal  oi^anis»- 
tion.  As  different  grsdationB  aie  presented  hj  natnral  laws, 
according  as  they  embrace  narrower  or  wider  circles  of  phs&- 
iiomena>  so  there  are  successiTe  steps  in  empirical  investi- 
gation. It  b^ns  bj  single  perceptions,  Which  are  after' 
wards  classed  according  to  their  analogy  or  dissimilarity. 
Obserraticm  is  sneceeded,  at  a  mnch  later  epodi,  by  experi- 
ment, in  which  phEenomena  are  made  to  arise  nndra  condi- 
tions previously  determined  oa  by  tbe  experimentalist,  gaided 
by  preliminary  hypotiieses,  or  a  more  or  less  jnst  intuition 
of  the  tme  connection  of  natural  objects  and  forces.  The 
results  obtained  by  observation  and  experiment  lead  by  the 
path  of  indudion  and  analogy  to  the  discoveoy  of  empirical 
laws ;.  and  these  ancceseive  phases  in  &B  ^plication  of  the 
human  intellect  have  muked  different  epochs  in  the  life  of 
nations.  It  has  been  by  adhering  closely  tA  this  inductive 
path,  that  the  great  mass  of  facts  has  been  accumulated 
which  now  forms  the  solid  foundation  of  the  natural  sciences. 
Two  forms  of  abstraction  govern  the  whole  of  this  class 
of  knowledge;  viz.  relations  of  quantity,  comprehending 
the  ideas  of  number  and  m^nitnde;  and  relations  of 
quality,  embracing  the  specific  properties  of  hetnt^eneous 
matbar.  The  first  of  these  forms,  more  accessible  to  the 
exercise  of  thonght,  belongs  to  the  domain  of  mathematics ; 
the  other,  more  difficult  to  seize,  and  apparently  more  mys- 
terious, to  that  of  chemistry.  In  order  (o  submit  pheeno. 
pena  to  calculation,  recourse  is  bad  to  a  hypothptigal  cqh- 
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■tnictioa  of  matter  by  a  combination  of  molecules  and  atoms 
whose  numberj'  form,  position,  and  polarity,  determine, 
modify,  and  vary  tlie  piuenomena.  The  suppositions  of  im- 
ponderable matter,  and  vital  forces  pecnliar  to  each  mode  of 
orguiization,  have  complicated  and  perplexed  tbe  view. 
Meanwhile,  the  piodigious  mass  of  empirical  knowledge  is 
enluging  with  increasing  rapidity ;  and  investigating  reason 
tries  at  times,  with  vaiying  success,  to  break  thtongb  ancient 
forms  and  symbols  invented  to  effect  the  subjection  of 
lebellious  matter  to  mechanical  constructians. 

We  are  yet  very  far  from  the  time,  even  supposing  it 
possible  that  it  should  ever  arrive,  when  a  reasonable  hope 
could  be  entei-tained  of  reducing  all  that  is  perceived  by 
the  senses  to  the  unity  of  a  single  principle.  The  complica- 
tion of  the  problem,  and  the  unmeasurable  extent  of  the 
Cosmos,  seem  to  forbid  the  expectation  of  such  success  in  the 
field  of  natural  philosophy  being  ever  achieved  by  man ;  but 
the  partial  solution  of  the  problem — the  tendency  towards  a 
general  comprehension  of  the  phienomena  of  the  universe — 
does  not  the  less  continue  to  be  the  high  and  enduring  aiio 
of  all  natural  investigation,  for  my  own  part,  faithful  to  the 
character  of  my  earlier  writings,  and  to  that  of  the  labours 
which  have  occupied  my  scientific  career,  in  meaaniements, 
experiments,  and  in  investigation  of  facts,  I  limit  myself  in  the 
present  work  to  the  sphere  of  empirical  conceptions.  It  ia 
liie  only  ground  on  which  I  feel  myself  able  to  move  without 
ft  sense  of  insecurity.  This  mode  of  treating  an  E^rega- 
tion  of  observed  foets  do^  i>ot  exclude  their  combination  by 
reasonii^  their  arrangement  under  the  guidance  of  leading 
ideas,  their  generalisation  wherever  it  can  be  justly  effected, 
sod  the  constant  tendency  to  the  discovery  of  laws.     A 
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paxaij  ntional  conception  of  tiie  anirene,  fonnded  on  princi< 
pies  of  specnlalJTe  philosophy,  would  no  donbt  assign  to  the 
science  of  the  Cosmos  a  still  more  elevated  aim.  I  am  far 
from  blaming  efforts  which  I  have  not  mjadf  attempted^ 
solely  because  their  soccess  hitherto  has  been  exti«mely 
doubtfal.  Gontraiy  to  the  wishes  and  counsels  of  those 
profonad  and  powerfiil  thinkors  who  have  girrai  new  life  to 
speculations  belonging  to  antiquity,  systems  of  a  philosophy 
of  nature  have  in  our  coontiy  (Germany)  turned  men's 
minds  for  a  time  &om  the  graver  stndies  of  the  mathemati> 
cal  and  physical  sciences.  The  intoxication  of  supposed 
conquests  already  achieved, — a  novel  and  extravagantly  sym- 
bolical language, — a  predilection  for  formulse  of  scholastio 
reasoning  more  contracted  than  were  ever  known  to  the 
middle  ages, — have,  through  the  yonthful  abniie  of  noble 
powers,  characterised  the  short  saturnalia  of  a  purely  ideal 
science  of  nature.  I  say  abuse  of  powers,  for  superior 
minds,  which  have  embraced  both  speculative  studies  and 
the  experimental  sciences,  took  no  part  in  these  satnmalia. 
The  results  obtained  by  serious  investigations  in  the  path  of 
induction,  cannot  be  at  variance  with  a  true  philosophy  of 
uatnre.  If  there  is  contradiction,  the  fault  must  be  either 
in  the  unsoundness  of  the  specnlatiou,  or  in  the  exa^erated 
pretensions  of  empiridsm,  which  thinks  thai  it  has  proved  bj 
its  experiments  more  thui  is  really  dedudble  fiiom  them. 

The  natural  world  may  be  opposed  to  the  intellec- 
tnal,  or  nature  to  art,  taking  the  latter  term  in  its  higher 
Bcaise  as  embracing  the  monifestatiofis  of  the  intellectual 
power  of  man ;  but  these  distinctions  (wHch  are  indicated 
in  the  most  polished  languages)  must  not  be  suffered  to 
lead  to  such  a  se^dtion  of  the  domaiu  of  physics  from  that 
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of  the  intellect,  as  wonld  T«iace  the  physics  of  the  rniiversa 
to  B  mere  asBemblnge  of  empirical  specialities.  Science  only 
b^ins  for  man  from  the  moment  his  mind  lays  hold  <^ 
matter, — ^when  he  Btrives  to  subject  the  mass  accumulated  b  j 
experience  to  rational  combinati(His :  science  is  mind  applied 
to  nature.  The  ext«rnal  world  only  exists  foi  ns  so  &r  as  ve 
Kcdve  it  within  oniselvcs,  snd  as  it  ^pes  itsel£  within  jib 
into  the  fwm  of  a  contemplation  of  nature.  As  int^igence 
and  language,  tiionght  asd  the  signs  ol  thought,  are  united 
by  secret  and  indissolnlde  links,  so  in  like  manner,  and 
idmost  witheot  oor  being  conscious  of  it,  the  external  world 
and  oar  ideas  wid  feelings  melt  into  each  other.  "  External 
phfcnomena  are  translated,"  as  H^eL  expiesaes  it,  in  Ms  ^li* 
losophy  of  Histmy,  "is  our  internal  represestatioa  of  them." 
The  objectiTe  world,  received  into  our  thoughts  and  reflected,  is 
snbjected  to  tjie  unchangii^  necessary,  and  all-conditioning 
forms  of  our  intellectual  being.  The  activilyofthe  mind  exerts 
itself  on  the  elements  furnished  to  it  by  the  perceptions  of  Uie 
senses.  Thus,  in  the  youlji  of  uati<»is>  there  manifests  itself 
in  tile  simplest  intuition  of  natural  facts,  in  the  first  ^fibrts 
made  to  compr^iend  them,  the  genu  of  the  philosophy  of 
nature.  These  tendencies  vaty,  and  are  more  or  less  power- 
fbl,  according  to  national  individualities  (^  character,  turn 
of  mind,  and  stage  of  mental  culture,  and  whether  attained 
amidst  scenery  fitted  to  excite  and  charm,  or  to  repress  and 
^U  the  imagination. 

History  has  preserved  the  record  of  the  varied  and  hazard- 
cms  tMtei^te  which  have  been  made  to  comprehend  all 
phtenomena  in  a  theorettcal  conception,  and  to  discovei 
in  them  a  single  natural  force  pervading,  setting  in  motion, 
•nd  trensfoiming  all  mattw.      In  classical  antiquity  ths 
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esilint  of  time  attempta  sre  fomid  in  Qw  ttwitiBM  itf  the 
Ionic  Bchool  oo  Ihe  ptiiiOp]es  of  things ;  tueatiBcs  in  vliich 
the  wlu^  of  nature  wm  rabjeeted  to  rash  specnJatioD,  with 
onlj  ao  BxfaMnufy  ku^  basis  of  obeoraticn.  Hub  aidoar 
tfx  dednctntily  ddaminiiig  ^  essence  of  tilings  and  their 
Bndoal  coBBeetioD  from  an  ideal  comtraotion  and  pareljr 
Itdjonal  principles,  has  gradually  snbdded,  with  tiie  inerea*- 
inglj  btilhint  derdopmeDt  at  tiie  natural  acienoea  reatii^ 
on  tiie  firm  sapport  of  observBtiiRL  Nearer  to  our  own 
lime,  tiw  matheanitical  portion  of  natnTal  [dulosaplrf  has 
lecBTed  the  grandest  and  mort;  admirable  enla^ement.  The 
method,  and  the  instmment  (analysis),  have  both  been  per- 
fected togetiier.  .  We  are  ol  opinioa,  that  what  has  beea 
conqoered  by  means  so  diverse, — by  tiie  ingenious  qipliGati<n 
of  atomic  siqipositions, — by  the  more  genial  and  more  itrt)> 
mate  study  of  phenomena, — and  by  new  and  improved 
qiparatus, — is  the  common  property  of  mankind ;  and  cannot 
now,  any  more  than  in  the  times  of  the  andents,  be  with- 
drawn from  the  frc«  txeraae  of  specnlatire  tiionght.  It 
cannot  be  denied  that  the  results  of  experience  may  hare 
been  sometimes  nndavalaed  ia  the  conne  of  ench  processes; 
nor  ong^t  we  to  be  too  modi  soiprised  if  in  the  perpetual 
flactnati(HU  of  specnlatiTe  news,  as  the  author  of  Giordano 
Brono  P")  has  ingenionsly  remarked,  "  most  men  see  in 
philosophy  only  a  succeasion  of  passing  meteors ;  and  even 
the  grandn  forms  under  which  she  has  revealed  herself 
partake  in  Uie  pc^olar  esttmation  of  the  fate  of  comets, 
which  they  regard  as  belongmg  not  to  the  class  of  perma* 
nent  celestial  bodies,  but  to  tiiat  of  mere  passing  igneona 
vapoura."  But  the  abuse  of  speculative  thought,  and  ths 
blse  patlis  into  which  it  has  sometimes  strayed,  ought  not  to 
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lead  to  a  view,  duhonooimg  to  intellect,  whicli  Iroold  legard 
tiie  world  of  ideas  as  casentiaUy  a  region  of  phantom-like 
illosions,  wtd  pliilosophy  as  a  hoatile  poir«,  by  which  iho 
accumulated  treasnres  of  experimental  knowledge  are  threafc- 
oied.  It  ifi  nmniitable  to  the  spirit  of  the  age  to  reject 
with  distrust  any  attenqited  generalisatioi)  of  views,  or 
investigation  in  tbe  path  of  ressoning  and  induction.  Nor 
is  iC  consonant  with  a  due  eatimation  of  the  digni^  of  tli6 
human  inteUeot,  and  the  relative  importance  of  the  facul- 
tiee  with  which  we  are  endowed,  to  condemn,  at  one  time, 
severe  reason  applied  to  the  investigation  of  causes  and  their 
oonnet^on,  and  at  another,  that  exttdse  of  the  imagination 
which  is  often  precnrsive  to  disooveriee, — ^for  the  achtevemfflit 
of  which  the  im^inative  power  is  indeed  in  essential 
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When  the  mmd  of  man  Btteaapte  to  subject' to  haetf  iba 
wodA  of  physJcal  phieniHiuiiiB ;— when  in  meditativfi  oontetn- 
plation  of  existing  thing*  h»  sfarivea  to  penetrate  Ute  lich 
fdlnesa  of  the  life  of  natni^  and  the  free  or  restiicted  opera- 
tions of  natunJpoven; — he  feels  himself  raised  to  a  hd(^t 
&om  whence,  as  he  Ranees  round  the  far  horizon,  details 
dis^ipeai,  and  groups  or  masses  are  alone  beheld,  in  which 
the  outlines  of  individnal  objects  are  rendered  indistinri-  as 
bf  an  eSiect  of  aerial  perspective.  Hiis  illustration  is 
purposdy  selected  in  order  to  indicate  the  ptnnt  of  view  frtHii 
whence  we  design  to  consider  the  material  nnivene,  and  to 
present  it  as  the  object  of  contemplation  in  both  its  divisions, 
oelestiid  and  terreifliiid.  I  do  not  blind  myself  to  the  boldness 
of  Hoch  an  undertaking.  Under  all  the  tonaa  of  ezpositioQ 
to  which  these  p^es  are  devoted,  the  presentation  of  a 
general  view  of  nature  is  the  more  difficult,  because  we  most 
not  permit  ourselves  to  be  overwhelmed  by  the  development 
of  the  manifold  and  the  mnltifbnn ;  but  most  dwell  only  on 
be  consideration  of  masses,  great  either  by  actual  m^^tnd^ 
or  by  the  place  which  they  oocapy  in  the  subjective  range  of 
ideas.    We  strive  by  dassiflcation  and  due  sabordination  of 
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phEenomena,  by  penetralioa  into  the  pUy  of  obscure  forces, 
and  by  an  animated  representation  in  wbioh  the  visible 
spectacle  may  be  reflected  back  aa  in  a  faitlifnl  mirror,  —to 
conceive  and  to  describe  the  whole  creation  {n  rav)  in  a 
.manner  befitting  the  dignity  of  tlie  word  Cosmos  in  its  sense 
of  universe,  order  of  the  material  teorid,  and  beaoty  or 
ornament  of  tliat  universal  order.  May  the  immeasnrable 
diversity  of  tiie  el^senta  which  crowd  t(^^er  into  the 
picture  of  Nators  not  be  fonnd  to  impair  the  harmonioDB 
impression  of  repose  and  unity,  which  is  the  ultimate  aini 
of  every  literary  or  purely  artiatio  oomposition  I 

I  propose  to  begin  witli  the  depths  of  space  nut  ths 
mnotost  nebnhe,  asd  thence  gradually  to  descend  through 
the  starry  regton  to  i^ch  our  solar  syst^n  belongs,  to  tho 
ooosidention  ot  ths  tctrestrial  spliwHd  with  its  aerial  and 
liquid  coverings,  tia  form,  its  tempeiottiie  and  magnetic 
tensicai,  and  the  fabum  d  o^Boic  life  expondii^  and 
BiDvii^  over  its  sor&ce  under  the  vivi^ring  infnence  of 
light.  Such  a  universal  ^etdi,  though  drawn  with  only  » 
few  strokes  of  the  pencil,  must  oomjff^eaid  ftwn  the  nn- 
HKasored  celestial  spaces,  to  those  microscofac  animal  and 
vegetable  ca^anisations  which  inhabit  our  pools  ot  standmg 
water  and  ihe  weathered  surfaces  of  our  rocks.  AU  that 
can  be  known  by  the  senses,  and  all  that  a  paserering 
ita^  of  nature,  in  every  direedon,  has  revealed  op  to  ths 
present  time,  eonstitate  the  material  from  which  the  repre- 
aentation  is  to  be  drawn,  ^nns  representatiixL  mast  contain 
'  within  itself  the  evidence  of  its  fidelity  and  troth.  Ti  does 
Dot  reqnire  for  it*  oom^etoiess  the  enomeration  of  all 
numated  forms,  w  of  all  natural  objects  or  processes ;  tm 
tiiB  oontnty,  otdsx  and  humony  moat  be  maiutained  by 
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earefiilly  legating  the  tendency  to  endlees  dnrimon ;  that 
avtsding  the  danger  to  which  we  are  rabjected  b;  the  very 
■bundaoce  of  our  empiiiciJ  lichea.  DoabUese,  a  conraderable 
portion  of  the  properties  of  matter  are  still  unknown  to  nsj 
entire  Berics  of  phieooBiaia  dqxaidaot  on  forces  and  qoalitiea 
of  whi(ji  we  areignOBnt,  remain  to  be  discovered ;  and  were 
it  foe  this  reason  (Nilj,  we  most  fail  in  attaining  a  perfect 
azdtj  in  the  view  of  the  whole  of  the  facts  of  natnreb 
B;  &e  aide  of  &e  pleasoie  dmved  from  knowledge 
already  attained,  then  nibaista,  not  unmixed  with  melaa> 
choly,  the  longing  <^  tlie  aspiring  ^nrit,  still  nnsatis- 
fied  with  tlie  present  after  regions  jet  nndiscovered  and 
unopened.  Sach  Imging  draws  still  doeet  the  Hnk  which, 
hj  ancient  and  deep-seated  laws  of  Hxe  world  of  thought, 
eonneote  the  material  with  the  immaterial,  and  quickens  the 
interdiange  between  that  which  the  mind  receives  from 
witboat,  and  that  which  it  givet  back  flxm  its  own  depths. 

I^  then.  Nature  (comprising  in  the  word  eJI  natural 
objects  and  phaniomeoa)  may  be  regarded  as  embracing  a 
range  infinite  in  extent  and  contents,  it  also  presents  to  the 
human  intellect  a  problem  which  it  cannot  wh*^  grasp, 
and  of  which  it  can  never  hope  to  reach  the  soludoii,  because 
it  requires  a  knowledge  of  all  the  fbtces  which  act  in  the 
oniverse.  Suehan  acknowledgment  is  due,  when  present  and 
|ffospec^ve  jdtasuwnena  are  the  objects  of  that  direct  investi' 
gation,  which  does  not  venture  to  quit  the  empirical  path 
and  strictly  inductive  method.  But  though  the  constant 
efibrt  to  mibrace  the  lehole  remain  unsatisfied,  the  "  His^ 
tory  of  the  contemtJatioa  of  the  Univerte"  (which  is 
reserved  for  a  subsequent  portion  of  this  work)  shows 
us  how,  in  the  (xmise  of  ceaiturie&,  mankind  have  gradually 
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Brrired  at  a  partial  insight  into  tiie  lelotiTe  df^Mndence  ot 
plieeiiomenB.  Hy  daty  is  to  depict  that  which  is  kooini, 
BccoTding  to  its  present  meaanre  and  linuts.  In  all  that  is 
snbject  to  motion  and  change  in  space,  mean  numerical 
valuei  are  the  ultimate  object ;  Ihej  are,  indeed,  the  expres- 
sion of  phydcal  lavra ;  they  shew  to  us  the  constant  amid 
change,  the  stable  amid  the  flow  of  phsnomena.  The  advance 
of  our  modem  phyucal  science,  whidi  proceeds  by  wei^t  and 
ineasure,  is  specially  chtyracterised  by  the  attainment  and  pro- 
gieasiTe  rectification  of  tiie  mean  values  of  certain  quantities. 
Thus,  the  only  remaining  and  widely  diffbsed  hieroglyphic; 
chaiacteis  of  our  present  writings — »i«nfrn'«j— reappear,  as 
once  in  the  Italic  BChool,  bat  nowin  a  more  ertended  senses 
as  powers  dF  the  Cosmos. 

The  earnest  investigator  ddigfats  in  the  simplicity  (tf 
numerical  relations,  indicating  the  dimensions  of  celestial 
spaces,  the  magnitudes  of  heavenly  bodies,  tiieir  periodic 
disturbances,  the  threefold  elements  fA  terrestrial  magnetism, 
the  mean  pressure  of  the  atmosptieie,  and  the  quantity  of 
heat  which  the  sun  dispenses  in  each  year  and  in  each  portion 
of  the  year  to  the  several  points  of  the  ac^d  and  the  liquid 
tnrface  of  our  planet.  Less  satisfied  is  the  poet  of  nature, 
tnd  still  less  the  mind  of  the  curioos  multitude.  To  both 
of  these.  Science  appean  s  blank,  now  that  she  answos 
doubtfully,  or  rejects  as  unanswerable,  questions  to  which 
replies  'wer^  in  earlier  times,  uuhesilatinf^y  advratured.  In 
her  severer  form  and  less  Eunple  robes  she  appears  deprived 
of  that  seductive  grace,  with  which  a  df^matising  and  sym- 
bolising physical  philosophy  could  deceive  the  reason  and 
occupy  the  imagination.  Long  before  the  discovery  of  the 
new  world,  men  dreamed  of  lands  in  the  Wes^  visible  from 
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fbe  Canaries  at  tiie  Azoies ;  and  theao  iDiisiTe  im^ea  wen 
fonned,  not  hy  mj  etixuotdiaeij  refradioa  of  the  rsys  of 
light,  bat  hf  the  longing  gaze  Btriving  to  penetrate  the  (ti»> 
tant  aod  the  nuapproached.  Hie  bacmation  which  bdon^ 
to  such  onaubstantial  images  and  illaakttu  wa>  offered  aban> 
dantl^  by  the  natoial  phihieopby  of  the  Qreeka,  the  phyrica 
of  the  middle  agea,  and  even  bj  those  of  the  centniies  which 
succeeded  them.  At  the  limita  of  exact  knowledge  as  from 
B  lo%  islaud  sfane^  the  eje  lorea  to  (^anoe  towards  distant 
i^ona.  The  belief  of  the  Dnnsaal  and  the  mairelloiu 
lends  a  defuute  oaUiue  to  eveij  creation  of  fancy;  and  the 
lealm  of  imagination,  » laiiy  land  of  oosmological,  gec^oa- 
tical,  and  magnetical  dreamB>  beoomea  oneaiitroUably  blended 
with  the  domain  of  lealitf . 

Natnie,  ao  maiiifbld  in  eignificatjon — sometimes  taken 
as  indudii^  all  the  material  creation  existing  and  coming 
into  existouie,  sometintea  as  a  power  of  internal  develop- 
ment, sometimes  as  the  mTsterions  prototype  of  all  phseno- 
laeiia — ^reveals  herself  to  die  simple  senses  and  feelings  of 
man  by  preference  in  that  whidi  ia  ten-eetrial,  and  closely 
allied  to  himself.  It  ia  in  die  animated  circle  of  organic 
fonns  that  we  first  fed  onrsdvea  peculiariy  at  home.  It  ia 
where  the  hoeom  of  the  earth  nnfolds  its  flowers,  and  ripena 
its  fruits,  and  feeds  cotmtless  tribes  of  ammab,  that  tha 
image  of  natnre  comes  most  vividly  before  onr  sonls.  The 
starry  vanity  the  wide  expanse  of  the  heavens,  belong  to  tjie 
piotuie  of  the  nniverse,  in  which  the  magnitnde  of  the 
masses,  and  the  nnmber  of  congregated  auns,  or  faintly 
binning  nebnlffi,  excite  indeed  our  admiration  and  astonish- 
ment, bnt  seem  estranged  from  ns  by  the  entire  absence  of 
any  immediate  impression  of  theiz  being  &ta  theatres  of 
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organic  life.  The  earliest  physical  views  separate  betireen, 
•nd  oppose  to  each  other,  the  heavens  and  die  esrth — the 
above  and  the  below  in  space.  If,  &sn,  oui  view  were 
intended  to  oorrespond  solely  to  the  reqair^nfflts  of 
sensQous  contemplatioa,  ^  ought  to  b^in  with  the 
description  of  our  native  earth.  It  should  depict  first 
the  terrestrial  spheroid ; — ite  mognitade  and  form ;  its  in- 
creasing density  aod  temperature  et  increasing  depths  in  its 
solid  or  liquid  strata;  the  relative  confignntifHi  <rf  sea  and 
land,  and  in  both  the  development  of  o^anic  life  in  the 
oellnlf^  tissues  <^  phtnts  and  animals;  the  atmospheric 
ocean,  with  its  waves  and  currents,  and  fonet-^^  momitain 
ehttins  which  rise  like  reefe  and  shoals  tzma  its  bottom. 
,  After  thus  depicting  purely  telliiric  relations,  the  eye  wonld 
be  raised  to  the  criestial  spaces ;  tJie  earth,  the  well-known 
teat  of  organic  development,  wonld  now  he  considered  as  » 
pWet  taking  its  place  in  &e  series  of  oosmical  bodies 
revolving  around  aae  of  the  conntless  host  of  eelf-lnminons 
stars.  This  snccession  of  ideas  indicates  the  path  pnrsned 
in  the  earliest  mode  of  contemplation,  or  that  which  derives 
purely  from  the  senses ;  it  almost  teminds  as  of  the  ancient 
"  sea-girt  disk  of  Earth  anpporting  the  HeAvens."  It  begins 
in  perception,  ssd  its  course  is  from  the  known  and  near  to 
the  anknown  and  distant.  It  cortesponds  to  the  m^od 
pnisned  in  our  elementary  works  on  astronomy  (and  which 
has  mach  to  recommend  it  in  a  mathematical  point  of 
view),  of  proceeding  from  the  s|^iarenl  to  tiie  red  or  tiu« 
movements  of  the  celestial  bodies. 

In  a  work  which  proposes  not  so  mnch  to  shew  the 
grounds  of  onr  knowledge,  as  to  display  that  which  is  known, 
whether  regarded  in  the  present  state  of  science  as  ""■^pi?'^ 
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t»r  a?  merely  probable  in  a  greater  or  less  d^ree,  a  differmt 
<n(Ier  of  snccessioii  is  to  be  preferred.  Here,  thereCarej  w«' 
An  not  proceed  Crom  the  snbjectiTe  point  of  view  of  hnmaa 
interest :  the  terreetri^  is  treated  only  aa  a  part  of  the 
whole,  and  in  its  doe  subordination.  The  view  of  natni* 
■honld  be  general,  grand,  sad  free;  not  nsnoved  by 
pTOsimity,  sympathy,  or  relative  utiHty.  A  physical  cos- 
mography, ot  pictnre  of  the  nniversCj  should  b^in,  there- 
fore, not  with  ti)e  eatth,  but  with  the  regions  of  Bpacc. 
Ent  as  the  si^ere  of  contemplation  contracts  in  dimen- 
sioii,  our  perceptions  and  knowledge  (f  tb«  richness  ot 
details,  of  the  folness  of  pbystcsl  phiraomena,  and  of  th« 
qoalitative  heterogeneity  ot  snbstances,  angment.  From 
the  regions  in  which  we  recognise  only  tlie  dominion  (^ 
die  laws  of  gravitation,  we  descend  to  our  own  planet,  and 
to  the  intricate  play  of  terrestrial  forces.  The  method 
thns  pursued  is  tiie  opposite  of  that  which  is  followed  whoi 
conclusions  are  to  be  established.  The  one  recounts  what 
the  other  demonstrates. 

Our  knowledge  of  the  external  world  is  obtained  throi^lt 
the  medinm  of  the  smses.  It  is  by  the  phienomena  of  light 
Ihat  the  presence  of  matter  in  the  remote  regions  of  space  is 
revealed  to  ns.  The  eye  is  the  organ  by  which  we  ai8 
enabled  to  contemplate  the  universe  j  and,  for  the  last  two 
centuries  and  a  half,  telescopic  vision  has  given  to  later  gene- 
tationa  a  power  of  which  the  limit  is  yet  nnattained.  The  first 
and  most  gen^ial  consideration  in  the  Cosmoe  is  that  of  ^ 
contents  ofspace, — ^the  distribution  (tf  the  material  miivers& 

"We  see  matter  existing  in  space,  partly  in  the  form 
of  lotAting  and  levolving  spheroids  differing  greatly  in 
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density  and  magnitade,  and  partly  in  tluit  of  Belf-Iominooi 
VaponTj  dispersed  in  Bfaining  nebulous  spots  ot  patches. 
If  we  consider  first  the  nebolons  spots,  or  cosmical  T&ponr 
in  definite  forms,  its  state  of  a^regation  ^ipears  constantly 
varying.  The  nebuke  present  themselves  to  the  fje  in  the 
form  of  roond  or  elliptic  disks  of  smaD  apparent  magni> 
tnde,  either  single,  or  in  pairs  which  are  sometimes  con- 
nected by  a  thread  of  light :  when  their  diameter  is  greater 
their  forms  vary, — some  are  elongated,  others  have  sever^ 
branches,  some  are  fan-shaped,  some  annular,  the  ling  being 
well  defined  and  the  interior  dark.  They  an  supposed  to 
be  undergoing  various  and  pr(^;ressive  changes  of  form,  as 
condensation  proceeds  around  one  or  more  nnclei  in  confor- 
mity witli  the  laws  of  gravitation.  Between  two  and  three 
tiiousand  of  such  unresolvable  nebuls  (or,  at  least;  in 
which  no  stars  have  hitherto  been  discovered  by  the  most 
pownfol  telescopes),  have  already  been  classed,  and  their 
positions  determined. 

The  genetic  evolutaon,  or  perpetual  process  of  foTmatioQ, 
which  appears  to  be  going  on  in  this  part  of  space,  has  led 
philosophical  observers  to  the  analogy  of  organic  phenomena. 
As  ve  see  in  our  forests,  at  one  time,  Uie  same  kind  of  tree 
in  all  stages  of  growth,  and  receive  from  tlus  co-edstence 
the  impressitm  of  progressive  development ;  so,  in  the  great 
garden  of  the  universe,  we  seem  to  see  stars  in  various  stages 
of  pn^pressive  formation.  The  process  of  condensation^ 
which  was  put  of  the  doctrine  of  Anaximenes  and  of  the 
whole  Ionic  school,  appears  to  be  here  going  on  before  oni 
eyes.  This  subject  of  conjoiAt  investigation  and  conjecture 
has  a  pecuhar  charm  for  the  imagination.  Throughout  the 
range  of  animated  existence,  and  of  moving  forces  in  tiie 
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physical  tmivene,  then  is  an  eapecial  beciiiBdon  in  the 
'«ecogtiitioD  of  that  which  is  becoming,  or  aboat  to  be,  tma 
greater  thafl  in  that  which  is,  though  the  former  be  indeed 
DO  more  than  a  new  cooditi<Mi  of  matta  already  ezistiDg : 
or  of  the  act  of  creBticm-itsdf>  tbe  origbal  calling  forth  of 
edstence  ont  of  mm-exiatcoD^  we  hare  no  experience,  not 
can  we  form  a  conoeption  of  it. 

Eesides  the  comparima  of  different  stages  of  derelopmeiit 
in  nebnlffi  which  ^ipear  more  ca  lew  condensed  towards  their 
centres,  observers  have  bdiered  that  thfy  could  recognize 
by  direct  observation  at  difierent  epochs,  actoal  changes  of 
form  in  partictilar  nehnhe ;  in  the  nebnla  in  Andromeda, 
for  example ;  in  the  ndola  in  the  constellation  of  the  Ship ; 
and  in  the  filamentoos  portion  of  the  nebula  in  Orion. 
Inequality  in  the  instrnmenta  emplt^ed,  difiavnces  in  the 
state  of  the  atmosphere,  and  other  optical  circonutances, 
may  indeed  invahdate  port  of  these  lesolla  as  true  historical 
elements. 

N^her  the  iir(fpilar]y-sh^>ed  nebnUe  (to  which  the  name 
more  e^tecially  belongs),  the  separate  parts  of  which  axe  of 
nneqnal  bri^tness,  and  which  may,  possibly,  as  their  circnm- 
ference  contracts,  become  finally  concentrated  into  stATs,— 
nor  the  planetary  nebtds,  whose  drcnlar  or  slightly  oval  disks 
show  thronghont  a  pofectly  equable  intensity  of  faint  li^t, 
mnst  be  confounded  with  nebulous  stars.  These  are  not 
stars  accid^taUy  projected  upon  a  distant  nebolons  ground, 
bnt  the  Inminoos  nebnlons  matter  itself  forms  one  mass 
witli  the  body  which  it  snrroundB.  The  often  considerable 
magnitude  of  their  apparent  diameter,  and  the  remote  dis- 
bmce  from  which  their  SmA  light  reaches  us,  show  that  both 
t^e  phmetary  nebuhe  and  thi   nebulous  stars  most  be  of 
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caonuous  dimensions.  New  aad  liighly  iugenioos  cossidenb- 
taons  (3>)  on  tite  vtzj  different  effect  whitdi  distance  pioduee* 
on  the  int^isity  of  light  of  a  difik  of  appreciable  diameter, 
and  of  a  self-luminoiis  point,  raider  it  not  in^robable  that 
the  planetarr  nebtde  are  very  remote  nebulous  stan,  in  wtuoh 
the  difieience  betwew  the  central  star  and  the  nebobos 
OLvelope  is  no  longer  sensible  even  to  oar  telescopic  rinon. 

The  magnificent  zcmes  of  tiie  southern  celestial  hemisphere, 
between  50°  and  80°  an  especially  rich  in  nebulous  starg, 
and  in  nnreaolvable  nebnlEe.  Of  tjie  two  Msgelkoic  clouds 
which  revolve  around  the  starless  and  desert  southern  pole, 
the  larger  especially  appears,  by  the  most  recent  researdies pa), 
U  a  "  collection  of  clusters  of  stars,  composed  of  globular 
clusters  and  nebulse  of  different  magmtudes,  and  of  large 
nebulous  spaces  not  resolvable,  which,  producing  a  general 
brightness  of  the  field  of  view,  form  as  it  were  ihe 
background  of  the  picture."  The  appearance  of  th^e 
clouds,  that  of  the  brilliant  constellation  of  the  Ship, 
the  milky  way  between  the  Scorpion,  the  Centaur,  and 
the  Southern  Gross, — I  may  say,  the  graceful,  uid  picta< 
tesque  aspect  of  the  whole  southern  celestial  hemiepbeie, 
have  left  on  my  mind  en  inefiaceaUe  impression. 

^e  zodiactd  h^  which  rises  in  a  pyramidal  form,  andean- 
Btantly  adorns  the  tropical  nights  with  its  mild  radiance,  is 
cither  a  vast  rotating  nebulousringb^nveentheEarthandMars, 
or,  less  probably,  the  outermost  stcatum  of  the  aeiat  atmos- 
phere. Besides  the  InminouB  donds  and  nebulte  of  definite 
form,  exact  and  always  accoidast  observations  indicate  the  ex- 
istence and  general  distribntitm  of  an  infinitely  divided  and  ap- 
parently non-luminous  matter,  which  constitutes  a  resisting 
medium,  and  manifests  itself  by  iliminiahiTig  th£  eccentricity^ 
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nd  ^ortenng  the  time  et  lerolntton  t4  £iid:e's  and, 
pa-hape,  also  of  Biela's  comet.  We  mxj  conctaTe  of  thia 
impeding  ctliereal  and  cosmical  matter  that  it  is  rabject  to 
motion;  that  it  gnvitatee,  notwithataadiiig  tt>  extreme 
tenu%,  and  is  conseqnentif  condaued  in  the  vidnity  of  the 
great  mass  of  the  san;  anderenthatit  may  be  mgmentediB 
the  course  of  myriad  of  yean  by  emanationa  from  the  taihi 
of  oometa. 

If  we  now  leave  the  ocmaideiation  of  the  attemuted  t^ 
porons  matter  <^  the  immeasorable  n^ona  of  ^lace  (stipnmS 
X^proc)^,  whether  existing  in  a  dispersed  statej  as  a  cosmical 
etiier  without  form  or  limits,  or  in  the  shape  of  nebulte,  and 
pass  to  those  p(Mtioiu  of  the  miiverse  which  are  condensed 
into  solid  spheres  or  spheroids,  we  i^proach  a  class  id 
phsBnomena  exclusively  designated  as  stara,  or  as  the 
sidereal  uniwse.  Here,  too,  we  find  different  degrees 
of  solidity,  or  density,  in  the  s^lomerated  matter.  Our 
own  solar  system  presents  all  gradations  (rf  mtan  denHty 
(or  relation  of  volume  to  mass).  If  we  compwe  the  planets, 
from  Mercury  to  Mars  inclusive,  with  the  Son  and  with 
Jupiter,  and  the  two  latter  bodies  with  the  still  inferiw 
density  of  Satnm,  we  pass  tiirough  a  descending  scale,  in 
which  (taking  terrestrial  substances  for  iUmtiatiou)  the  grad*' 
tions  correspond  respeotively  to  the  densities  of  antimony,  <^ 
honey,  of  water,  and  of  deal  wood.  In  comets  (which,  in  point 
of  number  of  individoal  forms,  coDstitabe  the  largest  portion 
of  our  Bcdar  system),  that  which  we  call  the  A«u^,  or  nacleut, 
-^ows  the  light  of  atan  to  shine  nnimpaired  through  its 
m^ntBince :  perhaps  in  no  case  does  the  mass  of  a  ctHuct 
equal  the  five-thousandtJi  part  of  that  of  the  earth,— so 
vaiioos  do  the  processes  of  fbrmatiou  i^pear  in  the  original. 
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aud,  peihapSf  still  progressiTej  a^omeration  of  matter. 
Before  we  pass  from  the  moat  general  considerBtioiis  to  those 
vhich  ore  leas  so,  it  is  especiallf  dednble  to  notice  this 
diversity,  not  merely  as  a  posaibili^,  but  as  Kctnally  existing. 

The  purely  speculative  conceptions  of  Wrij^t,  Kant, 
tnd  Lambert,  conc^ning  the  general  arrangement  of  the 
fabric  ot  the  universe,  and  the  distribution  of  mattra  in 
apace,  have  been  confirmed  by  Sir  Williun  Herscbd  in 
the  Barer  path  cf  observation  and  measnremrat.  This 
great  man,  in  whom  the  inspiration  of  geoins  was  combined 
with  a  spirit  of  cautious  invest%ation,  was  the  first  to 
sound  the  depths  of  the  celestial  spaces,  in  order  to  deter- 
mine the  limits  and  form  of  the  starry  stratum  of  which  wa 
fonn  a  part ;  the  first  to  enter  on  the  inquiry  of  the  lela- 
tions  of  position  and  distance  between  out  own  region  of 
the  heavens  and  remote  aebnlse.  William  Herschd  (^a  the 
inscriptioQ  on  his  monument  at  Upton  finely  says],  broke 
through  the  incloautes  of  the  heavens  (ecBlorum  perrvpit 
clauatra) ;  like  Columbus,  he  penetrated  into  an  unknown 
ocean,  and  first  behdd  coasts  and  groups  of  islands,  whose 
true  position  lemains  to  be  deteimined  by  succeeding  ages. 

Considerations  respecting  the  different  intensity  of  hght 
in  stars,  and  their  relative  numbers  in  equal  telescopic  Mds, 
have  led  to  tbe  assumption  of  unequal  distances  and  distriba- 
tion  in  space  of  the  strata  in  which  th^  may  be  conceived  to 
exist.  Such  assumptions,  in  so  &r  as  we  may  attempt  to  trace 
by  them  the  limits  of  separate  portimis  of  the  fabric  of  the 
oniverse,  camiot,  indeed,  offer  the  same  d^ree  of  mathema- 
tical ceiiamty  as  is  attained  in  all  that  regards  our  solar 
vjiluan.,  or  the  revolution  of  &e  double  stan  with  nneqoat 
vcilocitjr  around  a  common  centre  of  gravity,  or  the  apparent 


out,  SIUBBSAL  SiaiSH.  79 

or  true  movements  of  the  beaveul;  bodies.  If  we  commence 
physical  cosmograph;  with  the  most  remote  nebnlie,  ve  raaf 
feel  inclined  to  compue  tliis  portion  of  oar  snbject  with  the 
heroic,  or  mjthical,  periods  of  hiatcny.  Both  1k^&  in  twi- 
light obscurity — the  one  of  antiquity,  the  other  of  inaeces- 
aible  distance;  and  where  reali^  threatens  to  elnde  the  grasp, 
tniaginatioQ  becomes  doablj  incited  to  draw  from  its  own 
fulness,  and  to  give  outline  and  permanence  to  nndefined 
evanescent  objects. 

If  we  compare  the  regions  of  space  to  one  of  the  island- 
-stodded  seas  of  our  planet,  we  may  imagine  we  see  matter 
distribated  in  gronps,  whether  of  unresolvable  nebuhe  of 
different  ^es  condensed  around  one  or  more  nuclei,  or  in 
ciuster3>of  stars,  or  in  stars  scattered  singly.  Our  cluster 
of  stars,  or  the  island  in  space  to  which  we  belong)  forms  a 
lens-shaped,  flattened,  and  every  where  detached  stratum, 
whose  major  aids  is  estimated  at  seven  or  eight  hnndred,  and 
its  minor  axis  at  a  hundred  and  fifty  times  the  distuice  of 
Sirius  from  the  E^h.  If  we  assume  that  the  parallax  of  Sirini 
does  not  exceed  that  detennined  for  the  brightest  of  thf 
stars  in  the  Centaur  {0"-9]38),  it  will  follow  tbat  light 
traverses  one  distance  of  Sirius  in  three  years,  while  nin« 
years  and  a  quarter  are  required  for  the  transmission  of 
the  Ught  of  61  Oygni,  whose  considerable  proper  motion 
might  lead  to  the  inference  of  great  proximity.  I  take 
the  patallaK  of  this  remarkable  star  (0"'S4S8)  from 
Bessel's  excellent  first  memoir  (^),  Our  cluster  of  stars 
is  a  disk  of  comparatively  small  tJiickness,  divided,  at 
about  a  third  of  its  lei^th,  into  two  bruiches :  we  are 
supposed  to  be  near  this  division,  aai  nearer  to  the  regioQ 
i4  Sirius  than  to  that  of  the  constdlation  of  tiie  Bagl% 


80  CELESTIAL  7H£N01[KSA. 

and  nearly  in  the  middle  of  the  stany  stratum  in  the  diiection 
of  its  thiokness. 

The  place  of  our  solar  system,  and  the  form  of  the  whole 
katfl,  are  inferred  froiu  a  Hod  of  etellar  scale,  t.  e.,  from  the 
different  number  of  stars  seen  (as  already  alluded  to)  in  equal 
t«tescopiQ  fields  of  viev.  The  greater  or  less  number  of 
stars  mesBures  the  r^tive  depth  of  the  stratom  in  different 
diteeHona ;  giving,  in  each  case,  like  the  maiks  on  a  sonad- 
ing  line,  the  comparative  length  of  visual  ray  required  to 
leach  the  bottom ;  or,  more  properly,  as  above  and  below  do 
not  here  apply,  the  outer  limit  of  the  sidereal  stratom.  In 
the  diiection  of  tiie  major  axis,  where  the  greater  nnmbet  of 
stars  are  placed  behind  each  other,  the  remoter  ones  appear 
closely  crowded  together,  and,  as  it  wcto,  united  by  a  milky 
radiance,  and  present  a  zone,  or  belt,  projected  on  the 
visible  celestial  vault,  or  sky.  This  narrow  belt  is  divided 
into  branches ;  Euid  its  beautiful,  but  not  nniform,  brightness 
is  interrupted  by  some  di^k  places.  As  seen  by  ns  on  the 
apparent  concave  cdestial  q>hei^  it  deviates  only  a  few 
degrees  from  a  great  circle,  aa  we  are  near  the  middb 
of  the  cluster,  and  almoat  in  the  plane  of  tlie  milky 
way.  If  OUT  planetary  system  was  far  outside  the  clmter,  the 
milky  way  would  appear  to  telescopic  vision  as  a  ring,  and, 
at  a  still  greater  distance,  as  a  resolvable  disk-shaped  nebula. 
Among  the  many  self-luminous  moving  suns  (erroneously 
csS\ei_^xed  stars),  of  which  oar  starry  island,  or  nebula, 
consists,  our  own  snn  is  the  only  one  known  to  os  by  direct 
observation  as  a  central  body,  in  its  relations  to  spherically- 
i^lomerated  matter,  revolving  around  it  under  the  manifold 
forms  of  planets,  comets,  and  aerohte-ast«roids.  In  the 
multiple  stars  (donb^  sta^  or  double  anus),  u  &i  as  we 
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hare  jet  inveetigaifid  tiunn,  there  does  not  prevail  the  same 
planetaiy  dependence  in  respect  to  ralatiTe  motdcm  and  illu- 
jninatioa  as  that  whiclt  duracteiizes  oar  solar  system  :  two 
or  mcwe  aelf-lnminona  heavenly  bodies  (whose  planets  and 
their  satellites,  if  they  exists  escape  the  power  of  our  tele- 
scopes), do,  indeed,  revolve  aionnd  a  common  centre  «f 
gravity ;  but  this  centre  of  gravit;  falla  in  a  qiace  occnpiedi 
possibly,  only  ^J  aaag^omenited  matter,  t.  «.,  cosmical 
vapour ;  whilst,  in  onr  system,  the  centre  of  gravity  is  in- 
cluded within  tke  sorbce  of  a  visible  central  body.  If 
we  choose  to  coQsida  the  son  and  the  earth,  or  the  earth 
and  the  moon,  as  double  stars,  and  our  whole  planetary 
sjret6ia '  as  a  multiple  star, '  or  group  of  stars,  yet  tlie 
analogy  suggested  by  sach  dsDraninations  fails  alt<^her 
when  we  regard  iUomuiEttion,  and  can  only  apply  to  motion 
in  confonnity  with  the  laws  (^  graTitation. 

In  snch  a  generalisation  of  oosmica)  views  aa  accords  with 
the  plan  of  the  present  work,  ntandy,  with  the  sketch  of  » 
picture  of  nature  or  of  the  uniTeree,  the  solar  system  to 
which  oar  earth  belongs  may  most  properly  be  considered 
imder  a  two-fold  aspect, — first,  in  reference  to  the  different 
classes  of  the  individual  bodies  which  it  contains,  their  inag- 
nitudes,  forms,  densities,  and  distances  apart ;  and,  second, 
in  its  relation  to  the  other  parts  of  the  starry  cluster  of  which 
it  forms  a  portion,  uid  to  its  motion,  or  change  of  plac^ 
within  the  same. 

The  sokr  system  (*.  e,,  those  various  material  bodies 
which  revolve  ronnd  the  sun)  consists,  according  to  our 
present  knowledge,  of  eleven  principal  planets,  eighteen 
moons  or  satellites,  and  myriads  of  comets,  thiee  of  which 
(caUed  planetary  comets)  do  not  pass  beyond  the  orbits  of  tbs 
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principal  pknets.  We  maj,  ivith  consideiable  ptobability^ 
include  within  the  domimon  of  oni  snuj  and  the  immediate 
sphere  of  its  central  force,  a  rotating  ring  of  finely- 
divided  or  neholons  matter,  sitaatcd,  perhaps,  between  tbe 
cffbits  of  Yenns  and  Mara,  bat  certainly  extending  beyond 
that  of  the  earth  ("),  which  it  cnlled  by  vs  the  Zodiacal 
Light ;  and  a  host  of  extremely  small  asteroids,  the  paths 
of  which  intersect,  or  very  nearly  approach,  that  of  the 
Earth,  and  which  present  to  oe  the  pKcenomena  of  aa^tea, 
or  shooting  stare.  When  we  take  into  oar  consideration 
all  the  varied  forms  of  bodies  which  revolve  round  the  snn 
in  more  or  less  eccentric  paths,— unless  we  are  inclined,  with 
tfie  iUasttions  author  c^  the  "  Mfeanique  C^te,"  to  view 
Qte  greater  number  of  oomets  as  nebulous  stars,  wandering 
from  one  centeol  qrst«m  to  snothea-  (^, — we  must  acknow- 
ledge that  the  planetary  system  distmctivdy  so  called  {>.  «. 
thb  group  of  bodies  which  in  mly  sli^tly  eccentric  orbits 
revolve  around  the  sun,  with  their  attendant  moons,)  forma, 
not  indeed,  in  mass,  but  in  number,  a  compaietively  small 
portion  of  the  entire  solar  system. 

It  has  been  proposed  to  considw  the  telescopic  planets^ 
Testa,  JnuD,  Ceres,  and  Pallas,  with  their  more  eccentric^ 
intersecting,  and  ^eatly  inclined  orbits,  as  forming  a 
middle  zone,  or  group,  in  our  planetary  system ;  and  if  vb 
follow  out  this  view,  we  shall  find  that  the  comparison  of 
the  inner  group  of  planets,  comprising  Jlercury,  Venua^ 
the  Eaitb,  and  Mars,  with  Uie  outer  group,  consisting  of 
Jupiter,  Saturn,  and  Uranus,  presents  several  striking  con- 
trasts (37).  The  planets  of  the  inner  group,  which  are  nearer 
the  sun,  are  of  more  moderate  size,  are  denser,  rotate  around 
their  respective  axes  more  slowly  in  nearly  equal  periods 


of  sbont  tvrentf'foni  hounj  an  less  comjiressed  at  tlie 
poles,  and,  witb  one  eiceptiou,  thai  of  tlie  Earth,  are  witliout 
Batdhtea.  The  external  piaiiets,  more  diatant  from  the  aun, 
are  of  mach  greatei  magnitude,  fire  times  less  dense,  more 
tiiaa  twice  aa  rapid  in  their  rotatioa  round  theii  axes,  more 
compreseed  at  their  poles,  and  richer  in  moona  in  the  pro- 
portion of  17  to  1 ;  if  TJranua  has  really  six  satellites  as 
BQpposed. 

In  viewing  these  general  characteristics  of  the  two  groups, 
we  must  admit,  however,  that  they  cumot  be  strictly  applied 
to  each  cS  the  planets  iu  particular ;  nor  are  there  any  con- 
stant relations  between  the  distuices  of  the.  planets  from  the 
oeokal  body  round  which  they  revolve,  and  their  absolute  mag- 
nitudes, their  densities,  times  of  rotation,  eccentricities,  and 
incUnations  of  ori>it  and  of  .axis.  We  know  aa  yet  of  no  inhe- 
leut  necessity,  no  natural  mechanical  law,  (such  as  the  great 
law  of  the  proportionality  of  the  squares  of  the  periodic 
time»  to  the  cubes  of  the  mean  distances  from  the  sun),  con- 
necting the  above-iiEuned  six  elements  of  the  planets,  and 
the  forms  of  their  orbits,  either  inter  se,  or  with  their  metm 
solar  distances.  We  find  Mara,  though  more  distant  firom 
the  Sun  tlian  either  the  Earth  or  Tenua,  inferior  to  them 
in  magnitude;  being,  indeed,  that  one  of  the  long  known 
greater  planets  which  most  nearly  resembles  in  size  Mercury, 
the  nearest  planet  to  the  solar  orb.  Saturn  is  less  than 
J^upiter,  and  yet  much  larger  than  Uranus.  The  zone  of  the 
telescopic  planets,  which  are  so  inconsiderable  in  point  of 
volume,  viewed  in  the  series  of  distances  commencing  from 
the  Sun,  conies  next  before  Jupiter,  the  greatest  in  size  of 
all  the  planetary  bodies ;  and  yet  the  disks  of  these  smiOl 
planets  (whose  apparent  diameters  scarcely  admit  of  measmre- 
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ment)  are  less  than  twice  the  aize  of  France,  Madagascar. 
ot  Borneo.  R^arkable  as  is  the  small  density  of  all  the 
colossal  planets  which  are  farthest  from  the  sun,  yet  neither 
in  this  respect  can  we  reoognise  any  regular  soccession  (^sj, 
ITranos,  even  if  ««  assnme  as  correct  the  small  mass  of 
fljfiat,  assigned  by  Lament  {^9),  appears  to  be  denaw  than 
Saturn ;  and  (although  the  inner  group  of  planets  diSer  bat 
little  from  each  other  in  this  particular)  we  find  both  Vmus- 
andHais  less  dense  than  the  Earth,  which  is  situated  brtween 
liiem.  The  time  of  rotation  decreases,  on  the  whole,  with- 
increaaing  solar  distance,  but  yet  it  is  greater  in  Mars  than 
in  the  Earth,  and  in  Saturn  thcui  in  Jupiter.  Among  all 
tbe  planets,  the  elliptic  paths  of  Juno,  Pallas,  aad  M^'cniy, 
have  the  greatest  eccentricity;  T^us  and  the  Earth, 
which  immediately  follow  each  other,  have  the  least :  while 
Mercury  and  Yeuua  (which  a^  likewise  neighbours)  present, 
in  this  respect,  the  same  contrast  as  do  the  font  smaller 
plwets,  whose  paths  are  so  dosely  interwoven.  The  eccen- 
tricities of  Juno  and  Pallas  are  nearly  equa],  but  are  each 
three  times  as  great  as  those  of  Ceres  and  Testa.  Nor  ia 
there  more  regularity  in  the  inclination  of  the  orbits  of  the 
planeta  towards  the  plane  of  projection  of  the  ecliptic,  or  in 
the  position  of  their  axes  of  rotation,  relatively  to  their 
orbita;  on  which  latter  position  the  relations  of  climate, 
seasons  of  the  year,  and  length  of  the  days  depend,  mora 
than  on  the  eccentricity.  It  is  in  tbe  planets  which 
have  the  most  elongated  ellipses — Juno,  Pallas,  and  Mer- 
cury— that  we  find,  though  not  in  equal  proportion,  the 
greatest  inclination  of  the  orbits  to  the  echptic.  The  path 
of  Pallas  is  almost  comet-like,  its  inclination  twenty-sis 
times  greater  (lian  that  of  Jupiter;   whilst^  in  the  little 
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Vesta,  which  is  so  near  Pallas,  Um  conespondiDg  uigie  of 
mdination  is  one-fourth  less,  oi  acaicely  sii  times  greater 
lltan  in  Jupiter.  Neith^  da  we  find  a  regular  order  of 
flnccessiou  in  the  position  of  the  ates  oi  the  few  planets 
^buj  or  five),  of  the  planes  of  rotation  of  which  we  have  at 
present  any  certain  knowledge.  Judging  b;  the  poation  of 
the  satellites  of  Uranus  (of  two  of  which,  *'.  e.,  the  seocmd 
imd  the  fourth,  a  fresh  and  cettAin  view  has  been  reoentlj 
obtained),  the  ans  of  this  the  outermost  of  all  tlie  plaiiets> 
is  incUaed  barely  11°  to  the  plane  of  i^s  orbit  j  and  Saturn 
is  placed  intenaediately  between  tiiis  planet,  in  which  tha 
axis  of  rotation  almost  coincides  with  the  plane  of  ita  orbi^ 
and  Jupiter,  whose  asis  is  almost  perpendicular  to  it. 

In  this  enumeration  of  forms  in  space,  they  have  been 
ducted  sbaply  as  tht^  ^dst,  rather  than  as  objects  of 
intellectual  cont^nplatioD,  («  in  inherent  cau^  counec> 
tion.  The  planetary  system,  in  ite  relations  of  abBolute 
magiutud^  rdative  positiDn  of  the  axes,  density,  time  of 
rotation,  «id  diffiraent  degrees  of  eccentricity  of  the  orbits, 
has,  to  our  apprehension,  nothing  more  of  natural  necessity, 
than  the  relative  distribution  of  land  and  water  on  the  snr- 
&ce  of  OTtt  globe,  the  configuration  of  ccmtinents,  or  the 
elev^on  of  mountain  chuna.  No  general  law  in  thete 
respects  is  discoverable,  either  in  the  regions  of  space,  or  in 
the  irregularities  of  the  crust  of  the  earth.  They  aie/acl» 
in  nature,  which  have  arisen  out  of  the  conflict  of  various 
forces  acting  under  unknown  conditions.  "We  apply  the 
term  accidental  to  what  in  the  planetary  formation  we 
are  unable  to  elucidate  genetically.  If  the  planets  have  been 
formed  by  the  pn^ressive  condensation  of  rings  of  nebulous 
matter  concentric   with  the  sun,   the  different  thickness, 
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Qiiciiiinl  density,  temperature,  nnd  dectro-in^ietic  teiiaioii  of 
these  rings,  may  have  occasioned  diiTerencos  of  form  in  tlie 
sphcraidally  condensect  matter,  as  the  amount  of  tnugcutial 
irelocity  and  smaJl  vtvrialions  in  ite  directions  may  have  caused 
tlie  diversify  of  form  and  iticliuilion  in  the  dliptic  ortnts. 
Attractions  of  mass,  nml  the  laws  of  gnivitiJ,ion,  have,  no 
doubt,  been  influential  liere,  as  ndl  as  iluriiig  tlm  changes 
which  have  produced  the  irregularities  in  the  terrestrial 
surface ;  but  we  cannot  infer,  from  present  forms,  the  whole 
series  of  conditions  which  may  have  been  passed  through. 
Even  the  so-called  law  of  the  distances  of  the  planets  froni 
the  sun,  (which  led  Kepler  to  conjecture  the  existence  of 
some  planet  fillii^  up  the  void  between  Mars  and  Jupiter), 
has  been  found  numerically  inexact  for  tlie  distuuces  between 
Mercury,  Tenus,  and  the  Earth,  and  requires  an  arbitrary 
supposition  in  the  first  member  of  the  series. 

The  eleven  hitherto  discovered  primary  planets  re- 
volving round  our  Sun  are  attended  certainly  by  fourteen, 
and  probably  by  eighteen  secondary  planets — moons,  or 
satellites ;  the  primary  planets  b^g  themselves  the  central 
bodies  of  subordinate  systems.  "We  seem  to  recognise  here 
in  the  bbric  of  the  universe,  an  arrangement  somewhat 
omilar  to  that  so  often  shown  to  us  in  the  development  of 
o^anie  life,  where,  in  the  manifold  combinatioas  of  groups 
of  plants  or  of  animals,  the  typical  form  is  repeated  in  aubor- 
dinate  circles.  The  secondary  planets,  or  satellites,  are  more 
frequent  in  the  outer  re^on  of  our  planetary  system, 
situated  beyond  the  intersecting  orbits  of  the  telescopic 
planets;  none  of  the  planets  of  the  inner  division  have 
satellites,  except  the  Earth,  whose  moon  is  of  great  relative 
magnitude  its  diameter  beii^  to  t^  of  1^  earth  as  one  to 
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four,  whereas  the  diameter  of  the  largest  of  all  known  satel- 
Htea— the  aizth  of  Saturn — if  sapposed  to  be  one-seven- 
teenth, and  that  of  the  largest  of  Jupiter's  sateUites — the 
third — only  one-twenty-dxth  pwt  of  the  respective  diameters 
of  the  planets  round  which  tisay  revcdve.  The  planets  most 
tich  in  satellites  ere  fonnd  among  those  most  remote,  of 
greatest  magnitade,  least  density,  and  greatest  compression 
According  to  tlie  most  recent  measorements  of  M&dler, 
Uranns  is  the  planet  which  has  the  greatest  compreesioii. 
m.  j%.  l%e  Earth  and  her  moon  are  207200  milea 
^nrt,  and  the  differences  of  mass  (")  and  diameter  in  these 
two  bodies  are  much  less  than  we  are  accustomed  to  meet 
with  elsewhere  in  the  sohtr  system,  between  bodies  of  dif- 
ferent orders,  or  primary  planets  and  their  satellites.  The 
density  of  the  Moon  is  j-  less  tban  that  of  the  Earth,  whil« 
the  second  satellite  <4  Jupiter  appears,  if  we  may  place  suffi- 
cient dependence  on  the  determinations  of  magnitude  and 
of  mass,  to  be  even  actually  denser  than  the  great  planet 
toond  which  it  revolves. 

Among  the  fourteen  satellites  concerning  which  investi- 
gation has  arrived  at  some  degree  of  certainty,  the  system  of 
the  seven  satellites  of  Saturn  offers  the  greatest  contrasts, 
both  of  absolute  magnitude  and  of  distance  &om  the  central 
phmet.  The  sixth  satellite  is  probably  but  little  smdlei 
than  Mars  (whose  diameter  is  twice  that  of  our  moon), 
while,  on  the ,  other  hand,  the  two  innermost  satellites  (dis- 
covered by  the  forty-foot  telescope  of  "William  Herschel  in 
1789,  and  seen  again  by  John  Herschel  at  the  Gape  of 
Good  Hope,  by  Vico  at  Borne,  and  by  Lamont  at  Munich) 
belong,  perhaps,  together  with  the  remote  moons  of  Uranos, 
to  the  smallest  cosmical  bodies  of  our  solar  system,  being 
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visible  only  under  peculiarlj  favourable  drcmnstancee,  and 
with  the  most  powerful  telescopes.  After  tKe  sixth  and 
seventh  of  the  satellites  of  Saturn,  oomes,  in  order  of  volTune^ 
the  third  and  brightest  of  Jnpiter's.  The  diameters  of  satd- 
lites  deduced  &ora  measuremeata  of  the  apparent  mt^nitade 
of  their  small  disks  are  subject  to  many  optical  diiEculties  ^ 
fortuiiately,  the  calculations  of  astronomy,  which  shew  iha 
movements  of  the  heavenly  bodies  as  they  will  appear  to 
us  when  viewed  from  the  earth,  depend  much  more  on 
motion  and  mass  than  on  volume. 

The  absolute  distance  of  any  satellite  from  the  planet 
round  which  it  revolves  is  greatest  in  the  case  of  the  outer- 
most {or  seventh)  of  the  satellitea  of  Satoni,  being  above 
two  joilliona  of  geographical  mUea,  or  ten  times  the  distance 
of  OUT  moon  from  the  earth.  The  distance  of  the  outermost, 
or  fourth,  satelKte  of  Jupiter  from  that  planet  is  only 
1040000  miles;  the  distance  between  Uranus  and  his 
fflxth  satellite  (supposing  the  latter  really  to  exist)  amounts 
to  1360000  miles.  If  we  compare  in  each  suhordinate 
system  the  volume  of  the  central  planet  with  the  dimensions 
of  the  orbit  of  its  outermost  satellite,  we  obtain  a  new  series 
of  numerical  relations.  The  distances  of  the  oatennost 
8atellit«s  of  Uranus,  Satnm,  and  Jupiter,  expressed  in  semi- 
diameters  of  the  respective  central  planets,  are  as  91,  64, 
and  27 ;  and  in  this  mode  of  estimation,  the  outermost 
of  the  satelhtes  of  Saturn  appears  to  be  only  a  little  (Vi) 
farther  from  the  centre  of  that  planet,  than  our  Moon 
is  from  the  Earth.  Hie  satellite,  ^hich  is  neEoest  to 
its  central  planet,  is  undoubtedly  the  first  or  innermost 
of  Saturn,  and  it  offers,  moreover,  the  only  example  of  a 
period  of  revolution  of  less  than  twenty-four  hours :   iti 


distance  bom  the  center  of  he  tplaod;  is,  aecordiiig  to 
Mftdler  and  Wilhdm  Beer,  2'i7  semi-drameters  of  Satam, 
or  8008S  miles;  from  the  Borface  of  the  planet,  therefore, 
only  47480,  and  &<Mn  the  antermost  edge  of  the  ring,  only 
4916  miles.  The  traveller  may  find  plettsnie  in  realising 
to  bis  imaginaiiott  the  amallness  of  thii  amoimt,  by  remem- 
bering the  statement  of  a  distinguished  navigator,  Captain 
Beechey,  that,  in  thiee  years,  he  had  sailed  over  72S00  geo- 
graphical miles.  If  we  estimate  distances,  not  in  absolute 
measure,  bnt  in  Bflnti-diametexs  of  the  primary  {Janets,  wo 
find  that  the  first  or  neairat  of  Japitei'a  B^ellites  (which,  in 
absoltrtd  distance,  is  26000  miles  brther  from  the  centre  of 
that  planet  than  oar  moon  is  from  tiie  earth)  is  only  six 
semi-diameters  of  Japiter  from  its  omtre,  while  our  moon  is 
distant  fKHn  ns  folly  CO-j-  semi-diaioeterB  of  the  Suth. 

.In  the  Babordinat«  systems  of  satellites  at  seeondary 
planets,  we  see  reflected  in  their  r^ations  to  their  primary 
planets  Emd  to  each  other,  all  the  laws  of  gravitation  which 
regulate  ttiose  prioiary  planets  in  their  revolntions  round  the 
ann.  The  t*dve  moons  attendant  on  Srinm,  Jnpiter,  and 
th&  Earth,  all  move,  as  do  their  primary  planets,  from  west  to 
east]  and  in  dliptical  orbits  differing  little  from  circles.  It 
is  only  the  earth's  moon,  and  piobably  the  first  or  inner- 
most of  the  satellites  of  Satam,  which  have  orbits 
more  elliptic  than  that  of  Jnpiter.  I^e  eccentricity  of 
the  sixth  satellite  of  Saturn,  which  has  been  so  accnratety 
obsen^ed  by  Besael,  is  0*039,  and  is  great«T  tban  tbat  of  the 
Eartlt.  Near  tiie  extmme  limite  of  the  planetary  system, 
vhae,  at  a  solar  distance  nineteen  times  greater  than  that  of 
the  Earth,  the  centripetal  force  of  the  solar  orb  is  considera- 
Uy  dinunished,  the  satellites  of  Uranus  (which  have,  it  is 
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Ine,  beea  as  yet  but  imperfectly  iavestigated)  exhibit  aotne 
lemaikable  diSerences  from  the  moTemente  of  other  satel- 
lites and  plsnets.  In  bU  other  cases,  the  orbits  are  bat 
litUe  iadijied  to  the  echpticj  and  the  movements  are  from 
west  to  east,  inclading  Saturn's  rings,  which  may  be  r^arded 
as  belts  formed,  of  an  aggregation  of  sateUites;  but  the 
sat^tes  of  Uranus  are  abnost  perpendicular  to  the  ecliptio, 
and  the  direction  of  their  movement,  as  confirmed  by  Sir 
John  Herschel  from  many  years  of  observation,  is  letiograde, 
or  from  east  to  west.  If  the  primary  and  secondary  planets 
have  been  formed  by  condensation  from  annular  rotating 
portions  of  the  primitive  atmospheres  of  the  son  and  of  the 
principal  planets,  there  must  have  been  in  the  rings  of  va- 
pour which  revolved  round  Uranus,  singular  and  unknowD 
relations  of  retardation  or  counteraction,  to  have  occasioned 
the  second  and  the  foorth  satellite  to  revolve  in  a  directioa 
opposite  to  that  of  the  rotation  of  the  central  planet. 

It  appears  highly  probable,  thai  the  times  of  rotation  of 
all  secondary  planets,  or  satellites,  are  the  same  as  their 
times  of  revolution  round  their  primary  planets ;  so  that  they 
always  present  to  the  latter  the  siune  &ce.  In  the  .case 
of  the  moon,  inequalities,  consequent  on  small  variations 
in  the  revolution,  cause,  howev^,  Juctuations  of  from 
six  to  eight  degrees,  or  an  [^parent  bbratioa  in  longitudfl 
as  well  as  in  latitude,  which  renders  more  than  one-half 
of  her  surface  visible  to  us  at  different  times,  showing  na 
somedmes  more  of  her  western  and  southern  limbs,  and 
sometimes  more  of  her  eastern  and  northern.  It  is  thia 
libration  (*')  which  enables  ns  to  see  the  annular  mountsiit 
of  Malapert,  sometimes  concealed  &om  us  by  the  moon'i 
southern  pole,  the  arctic  laadacape  round  the  cnttfz  ni 
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Gioja,  fHid  Hit  great  grey  plain  near  Endymion,  vhicli 
exceeds,  in  superficial  extent,  the  Maze  Vapomm.  Three- 
sevenths  of  the  moon's  sorfitce  are  at  all  times  concealed 
firom  the  earth,  and  must  always  reinaia  so,  unless  nev 
and  unexpected  disturbing  forces  are  brought  into  action. 
These  cosmical  relations  Kmind  as  involuntarily  of 
nearly  similar  ones  in  the  intellectual  voild,  where,  in 
the  domain  of  deep  research  and  of  meditation  on  the  mys- 
terious elaboralionB  of  nature,  and  on  primeval  creation, 
th^e  are  r^ons  aimilai'ly  turned  from  ooi  view  and  appa- 
rently unattainable,  of  which  a  narrow  ma^pn  has  for 
Uionsands  of  years  presented  itself,  from  time  to  time  tc 
the  human  race,  glimmering  now  in  txue,  now  in  uncertain 
light 

Having  thus  considered,  as  products  of  a  single  tan- 
gential impulse,  and  closely  connected  with  each  otlm 
by  mutual  attraction,  tiie  primary  planets,  their  satellites, 
and  the  concentric  rings  which  belong  to  one  of  the 
outermost  planets,  we  have  still  to  notice — among 
the  cosmical  bodies  which  revolve  around  the  sun  in 
paths  of  their  own,  and  receive  light  from  him,— the 
unnumbered  host  of  comets.  If  we  estimate  according  to 
the  rules  of  the  calculus  <ff  probabilities,  the  equable  dis- 
tribution of  the  paths  of  these  bodies,  Uie  limits  of  their 
perihelia,  and  the  possibility  of  their  remaining  invisible  to 
the  inhabitants  of  the  earth,  their  possible  numbers 
will  be  an  amount  of  myriads  aatomsbing  to  the  ima- 
gination. Kepler,  with  his  characteristic  liveliness  of  expres* 
mon,  said,  even  in  his  day,  "  there  are  more  comets  in  space 
than  fchea  in  th#  ocean."    M  yet,  however,  we  handly 
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possess  as  nianj  hs  one  handred  and  fifty  calculated  patKs  of 
comets ;  bat  we  have  notices  more  or  less  precise  of  the 
appearance  of  sis  or  seven  hundred  of  snch  bodies,  and  of 
their  passi^  thioii^h  known  conatellations.  Whilst  the 
classic  nations  of  the  West,  the  Greeks  and  the  £omans,  do, 
indeed,  sometimes  mention  the  place  in  the  heavens  where  a 
comet  was  first  seen,  bat  never  affrad  us  information  respect- 
ing its  apparent  pdh,  the  literature  of  the  Chinese  (who 
obs^ved  uatnre  diligently,  and  carefully  recorded  everything), 
'supplies  OS  widi  circumstantial  notices  of  the  comets  seen 
by  them,  and  of  the  constellations  which  each  passed 
through.  These  notices  extend  back  to  more  than  five 
centuries  before  the  Christian  era,  and  many  of  them  are 
still  found  useful  in  astronomy(*').  Of  all  planetary  bodies, 
comets, — though  their  mean  mass  is  probably  mnchless  than 
the  five-thousandth  part  of  that  of  the  earth, — are  those  which 
occupy  the  greatest  space,  their  wide-spreading  tails  often 
extending  over  many  millions  of  miles.  The  cone  of 
light-reflecting  gaseous  matter  which  radiates  from  them  has 
been  found  in  some  instances,  as  in  16S0  and  1811,  to  equal  in 
length  the  distance  of  the  earth  from  thesun,  orthat  of  a  line 
including  the  orbits  of  the  two  planets,  Venus  and  Mercury, 
It  is  even  probable  that  the  emanations  from  <the  comets  of 
ISll  and  1823  mixed  with  our  atmosphere. 

Comets  show  such  diversities  of  form,  diversities  belong- 
ing rather  to  the  individual  than  to  the  class,  that  the 
description  given  of  one  of  these  "wandering  light-clouds'*  . 
{aa  they  were  called  by  Xenophanes,  and  Theou  of  Alex- 
andria, contemporaries  of  Pappus),  can  only  be  applied  with 
much  caution  to  another.  The  fainter  telescopic  comets  are 
tor  the  most  part  without  tails,  and  leasable  Herscbel'g 


nebulous  stars.  Thar  appearance  is  that  of  ciicDlartiebiila 
shining  with  s  fitint  l^t  concentrated  towards  tke  centre. 
This  is  the  simplest  type ;  bat  not,  on  tiiat  accoaatj  a  radi- 
moitary  t^pe,  for  it  might  eqoaU;  be  &ib  tjpe  of  a  cosmical 
body  grown  old  and  exhaoated  by  exhalation.  We  can  dis- 
tinguish in  the  la^er  comets,  the  "  head,"  or  "  nnclens," 
and  the  "tail,"  either  single  or  multiple,  which  the 
Chinese  astronomers  more  characteristically  denominate 
by  the  word  "brush"  (soi).  The  nucleus  usually  pr^ 
sents  DO  definite  outline,  although  in  some  rare  instances 
it  appears  like  a  star  of  the  first  oi  second  ms^itude; 
and  in  the  Isrg&r  comets  of  1402,  1532,  1577,  1744, 
and  1843,  has  even  been  clearly  seen  in  bright  sanBhine(*3). 
This  lattet  ciicumatance  appears  to  indicate,  in  particular 
individnals,  a  denser  mass,  capable  of  refiecting  light  with 
greater  intensity.  Even  in  Herachel's  large  telescope,  only 
two  comets  showed  well-defined  iiskB{**),  viz.  the  comet  dis- 
covered in  Sidly  in  1807,  and  the  fine  comet  of  1811,  the 
one  having  an  an^  of  1"  and  the  other  of  0"'77,  whence  he 
inferred  their  true  diameters  to  be  respectively  5S4  and  4Z8 
miles.  The  measurement  of  the  leas  well-defined  nuclei  of 
the  comets  of  1798  and  1805,  gave  diameters  of  only  24  to 
28  miles.  lu  several  comets  which  were  examined  with 
great  care,  and  particularly  in  the  above-named  comet  of 
1811  which  was  so  long  in  sight,  the  nucleus  and  its  nebi^ 
Ions  envelope  were  entirely  separated  &om  the  tail  l^  a 
darker  space.  The  intensity  of  light  in  the  nucleus  of  a 
comet  does  not  increase  in  a  uniform  manner  towards  the 
centre,  but  bright  zones  alternate  with  concentric  nebulous 
envelopes,  which  ate  less  luminous.  The  tail  sometimes 
(^ears  eingle,  more  rarely  donUe,  and  in  two  instances  (in  the 
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comets  of  1807  and  1843}  the  two  branches  were  of  ver^  dif- 
ferent length :  in  the  comet  of  1 744,  the  tail  had  six  branchea^ 
the  two  exterior  divei^;ing  at  an  angle  of  60°.  The  tails  have 
been  sometimes  straight,  sometimes  cured }  in  the  latter  case, 
either  concave  towards  both  sides,  or,  as  in  1618,  convex 
towards  the  direction  in  which  the  comet  is  moving ;  and 
•ometimes  the  tail  even  appears  inflectedlike  aflame  in  motion. 
The  tails  are  always  turned  from  the  mn,  and  so  directed 
that  the  prolongation  of  the  axis  would  pass  throu^  the 
centreof  thatbody;  this circnmstajKie  (according  to Edonatd 
Biot)  was  remarked  by  the  Chmeae  astronomers  as  early  as 
837,  but  was  first  clearly  stated  in  Europe  by  Fracastoro  and 
Peter  Apian  in  the  sixteenth  centniy.  We  may  conceive  that 
these  emanations  form  conoidal  envelopes  of  greater  or  less 
thickness,  which  would  furnish  a  very  smiple  explanation  of 
0 evendof  the  remarkable  opticalpheenomena  above  mentioned. 
Not  only  axe  different  comets  characterised  by  great 
differences  of  fonn, — some  being  entirely  without  visible  tails, 
others,  as  the  third  comet  of  1618,  having  a  tail  of  104 
degrees  in  length, — ^bnt  we  also  see  the  same  comets 
pass  through  successive  and  rapid  variations.  These 
changes  have  been  well  and  most  accurately  described  in  the 
comet  of  1744,  by  Hdnsius,  at  Petersburgh,  Mid  in  Halley'a 
eomet,  on  its  last  reappearance,  in  1885,  by  Bessel,  tt 
Ednigshe^.  A  tuft  of  lays  issued  from  that  part  of  the 
nudeus  which  was  turned  towards  the  sun.  These  rays  thos 
issuing  were  bent  backwards,  so  as  to  form  part  of  the 
tail.  "  The  nucleus  of  Bailey's  comet,  with  its  emanations, 
presented  the  appearance  of  a  burning  rocket,  the  trun  of 
which  was  deflected  sideways  by  a  current  of  air."  The 
rays    issuing  from    the    head  of   the   comet  were  se^ 
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l^  Antgo  and  myself,  at  Ae  Observatoiy  at  Paris,  to  asaiune 
Tfiiy  different  fonna  {**)  on  snccessire  nighta.  The  great 
KOmgsbei^  astronomer  concluded  from  many  measoro* 
ments  and  from  theoretic^  considetations,  "that  the  ont- 
streaming  cone  of  light  deviated  notably  both  to  dw 
Tigbt  and  to  the  left  of  th«  true  direction  towarda  the 
snn,  but  that  it  always  returned  to  that  direction,  and  passed 
1>eyond  it  to  the  opposite  side ;  so  that  both  the  cone  of  Hght, 
and  the  body  of  the  comet  from  which  it  issued,  were  subject 
-to  a  rotatory,  or  rather  vibratory  motion,  in  tiie  plane  of  the 
orbit."  He  finds  "  that  the  ordinary  power  of  the  attractive 
force  of  the  sun  on  gravitating  bodies  is  not  sufBdent  to  esplaia 
such  vibrations,  and  is  of  opinion  that  they  wonld  seem  to 
indicate  a  polar  force,  which  tends  to  turn  one  of  the  semi- 
diameters  of  the  comet  towards  the  sun,  and  the  opposite 
semi-diameter  from  the  snn.  The  m^netic  polarity  possessed 
by  the  earth  may  present  something  analogous,  and  should 
the  sun  have  the  opposite  polatity,  a  resulting  influence 
might  manifest  itself  in  the  precession  of  the  equinoxes." 
This  is  not  the  place  for  entering  more  at  length  into  this 
si^ject :  but  observations  bo  remarkable,  and  so  important 
with  reference  to  the  most  wonderful  class  of  cosmical  bodies 
belonging  to  onr  solar  system,  ought  not  to  be  entirely 
passed  ot»  in  this  general  view  of  nature  (♦*)■ 

Although,  in  the  greater  number  of  cases,  the  tails  of 
comets  incceaae  in  magnitude  and  brilliancy  in  the  vicinity 
of  the  snn,  and  are  directed  from  that  body;  yet  the  comet 
-of  182S  offered  the  remarkable  example  of  two  tuls,  aof. 
■  turned  from  and  the  other  nearly  towaids  the  sun,  forming 
with  each  other  an  angle  of  160°.  Peculiar  modifications  of 
polarity,  and  its  unequal  diatdbution  and  condaction,  may  in 
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tliis  rare  case  have  eansed  a  doatde  cootiimoBa  coirei^  «( 
nebulous  matter  (^').  AiistoUe,  in  his  Naboal  Philo80{^yj 
brings  the  pheenomesa  of  comets  through  the  medinm  of 
these  effosions  into  a  sii^;ular  connection  with  the  existence 
of  the  Milky  Way.  He  sapposes  that  the  countless  multi- 
tude of  stars  which  form  the  galaxy  give  out  a  lomiiMHU 
or  incandescent  matter-  The  nebuIouB  belt  vkidi  traverses 
the  Tftult  ol  the  heavens  is  therefore  regarded  by  the  Stagi- 
rite  as  an  immenae  comet  incessantly  reproducing  itself  (*^). 
The  passage  ovtr  the  fixed  stars  of  the  nucleus  of  a 
eomet,  6i  of  its  innemtoat  vapoiQos  envelopes,  might  tiirov 
light  on  the  physical  character  of  these  wonderful  bodies,  but 
we  aie  deficient  in  bbservations  of  the  kind  in  which  we 
can  be  assured  that  the  passage  was  perfectly  central  (*9) : 
for  in  the  immediate  vicinity  of  the  nucleus,  as  I  have 
already  noticed,  dense  coating  alternate  with  others  of  great 
tenuity.  On  the  other  hand,  there  is  no  doubt  that  the  Ugfat 
of  a  star  of  the  tenth  m^nitnde  passed  through  very  dense 
nebulous  matter  on  the  2dth  of  September,  1835,  at  a 
distance  of  7"'7S  from  the  coitre  of  the  nucleus  of  HaUey's 
comet,  according  to  Bessel's  moat  careful  measurement, 
without  experiencing  any  deflection  in  its  rectilinear  course 
at  any  moment  of  its  passage  (b^.  Such  m  absence  of  i^ 
&aeting  power,  if  actually  extending  to  the  centre  of  ibe 
nucleus,  makes  it  difficult  to  regturd  the  substance  of  comets 
as  of  a'  gaseous  nature , — or,  is  the  absence  (^  T£g»ctiiig 
power,  a  conseqiienee  of  the  almost  infuite  rarity  of  k 
Buid  of  that  description  ?— or,  does  the  comet  consist  of 
"  detached  particles,"  farming  a  cosmical  eloud,  which  no 
more  affects  the  ray  of  hght  passing  through  it,  than  do  th* 
douds  of  our  atmosphere,  which  in  like  manner  have  no 
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nflnence  at  tbe  fcnitli  dutances  ot  the  heaTmly  bodits  P 
bi  the  passage  (^  a  onnet  ora  a  atar,  then  has  oficD 
he^  noticed  s  greater  at  leas  dimiimtkHi  ti  the  light  of 
ttte  star,  bnt  this  has  beea  jiutiy  »scnbed  to  the  biight- 
iiess  of  the  ground,  on  vbicli,  String  the  ooincddeno^  ths 
liar  is  seen. 

We  are  indited  t»  Aiago'a  polarisstiiHi  cxperunei^  for 
^  most  important  and.  dedaiTe  obseirstions  ob  the  natiire 
of  the  hgbt  of  coaiets.  Hw  polariaoope  inatracts  as  con- 
cerning the  phjaicsl  eonstilatioa  of  ti»  ana,  aa  well 
aa  that  of  the  comets;  it  informs  na  whether  ft  lumi- 
nous ray,  which  reaches  na  liom  »  distance  of  many 
millions  of  miles,  ia  a  direct,  or  s  reflected  or  rd!r&cted 
ray;  and,  if  direct,  whether  the  aource  of  light  is  • 
Bolid,  a  liquid,  or  a  gaseous  body.  The  light  ef  Capella, 
and  t^at  of  the  great  comet  of  1819,  were  examined  at  ths 
Paris  Obaerratory  with  the  same  apparatus.  'Che  comet 
showed  polarised,  and  therefore  reflected  light ;  whilgt,  aa  was 
to  be  expected,  the  fixed  star  was  proved  to  be  s  self-lnmi- 
HODS  san(*i).  The  existence  ot  polaiised  comefary  li^ht 
announceditadf  not  onlyby  the  inequality  of  the  images,  but 
was  shown  with  still  greater  certain^,  at  the  reappearance 
of  Honey's  comet  in  1835,  I^  the  more  atiiking  contrast  of 
complementary  colours,  in  accordance  with  the  laws  <rf  chro- 
malic  polarisaticm  discovered  by  Arago  ui  1811.  These 
fine  expetimeiits  leave  it  however  still  undet^ded,  whether, 
besides  this  lefleoted  solar  li^i^  cometa  may  not  have  a  proper 
Bgbt  of  their  own.  Even  in  plimete,  in  Yenas  fcr  example, 
an  evolntion  of  independent  hght  spears  vc^  jsobable. 

The  variable  intensity  of  the  light  of  cometa  is  not 
always  to  be  explained  by  their  place  in  tfaeic  orbit,  and 
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tiiedr  distance  from  tlie  aim.  la  partdculBi'  indrndnals,  it 
catainly  iodicates  internal  processes  of  condensation,  sod 
increased  or  diminished  capability  of  reflecting  light.  In 
the  comet  of  1618,  as  in  that  vhicb  has  a  period 
of  revolution  of  three  years,  Hevelins  saw  the  nncleus 
lessen  at  the  perihelion,  and  enla^  at  the  aphelion  of  the 
comet :  this  lemai^able  phtenomenon,  which  had  long  le- 
maiued  tmheeded,  has  dnce  been  observed  b;  the  distia- 
gnished  astronomer,  Yalz,  at  Nismes.  The  legnlaritj  of  the 
alteration  of  the  volume  according  to  the  distance  from  the 
Bun,  appeared  exceedingly  striking;  the  physical  explanatioD 
of  the  pheenomenoa  cannot  well  he  sought  in  the  greater 
condensation  of  the  cosmical  ether  in  the  vicinity  of  the 
sun,  for  it  is  difficult  to  imagine  the  nebulous  envelope  of 
t^e  imcleuB  of  the  comet  to  be,  Hke  a  v^de,  impervious  to 
the  ether  n. 

■  The  very  dissimilar  eccentricities  of  the  elliptical  paths  of 
different  comets,  has  led  in  modem  times  (1819)  to  a  bril- 
liant accession  to  our  knowledge  of  the  solar  system.  Encke 
has  discovered  the  existence  of  a  comet  having  so  short  a 
p^od  of  revolution,  that  it  dways  remains  within  our  plane- 
tary system,  and  even  reaches  its  apheHon,  or  greatest  dis- 
tance &om  the  son,  between  the  orbits  of  Jupiter  and  of  the 
small  planets.  The  excentricity  of  its  orbit  is  0'845 ;  that 
of  Juno,  which  has  the  greatest  excentricity  amongst  the 
planets,  b^g  0255.  This  comet  has  been  more  than  once 
seen,  though  with  difficulty,  by  the  naked  eye ;  in  Europe, 
in  1819,  and,  according  to  Riimker,  in  New  Holland,  in 
1S22.  Its  period  of  revolution  is  about  S'3  years;  but&om 
the  most  carefol  comparison  of  the  epochs  of  its  return  to 
i*"  perih^n,  the  remarkable  fact  has   been    discovered 


that  thia  period  has  regulaiiy  decreased  in  erei^  sac> 
cesaive  revolatioa  from  178tl  to  1838;  the  diminiition 
Muoanting  in  an  interTal  of  53  yean  to  I'8  days.  Alter 
a  careful  consideration  of  all  the  planetary  pertnrbationH, 
Hd3  remarkable  phenomenon  has  led  to  the  adoption,  for  the 
purpose  of  bringing  obserralion  and  colcalataon  into  harm<my, 
of  the  not  improbable  supposition  of  the  existence  of  «  flnid 
of  extreme  rarity,  at  ether,  dispersed  throngh  space,  forming 
*  resisting  mediom;  the  resistance  lessens  the  tangential 
Ibrce,  and  wiUi  it  tiie  major  axis  of  the  comet's  orbit.  The 
value  of  the  constant  of  resistance  appears  to  be  somewhat 
different  before  and  after  tbe  perihelion;  and  Uiis  may 
perhaps  be  ascribed  to  the  change  of  form  of  the  small 
nucleus,  or  to  inequality  in  the  dena^  of  tlie  ether  in  the 
vicinity  of  the  sun('3}.  These  foots,  and  the  investigations 
to  which  they  have  given  rise,  are  amongst  the  most  inte> 
resting  results  of  modem  astronomy,  Encke's  comet  has 
also  led  to  a  more  r^orons  examination  of  the  mass  of 
Jupiter,  so  important  an  element  in  all  calculatioiis  of 
perturbations ;  and  has  still  more  recently  obtained  for  us  the 
first,  tdthough  it  is  only  an  approximate,  det£rmination  of  a 
emaller  mass  for  the  planet  Mercury. 

To  this  first  discovered  comet  of  short  period,  there  was 
soon  added  a  second  planetary  com^,  having  its  aphdion 
beyond  the  orbit  of  Jupiter,  but  within  that  of'  Saturn. 
Biela's  comet,  discovered  in  1826,  has  a  period  of  revolution 
of  6.75  years,  and  its  lightisstiilfainterthan  that  ofEncke's. 
The  motion  of  both  these  comets  is  direct,  or  the  same  sa 
•^hat  of  the  planets,  whereas  Halle/s  is  opposite  or  retro- 
grade. Biela's  comet  presents  the  first  certain  instance  of  the 
orbit  of  a  comet  intersectii^  that  of  the  earth ;  its  path 
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may  tiierefbre  sn^^  the  possibility  of  a  catastrophe 
if  we  may  spply  th&t  term  to  the  extraordinary  phsB- 
nomenon  of  a  coUision,  which  has  not  occnrred  vithia 
Iiistorical  tim(Sj  and  of  which  we  cimnot  with  certainty 
predict  the  consequences.  Granting  that  small  masses 
possessed  of  enormous  velocity  may  exert  a  notable  forc^ 
Laplace,  after  showing  that  the  mass  <£  the  comet  of  1770 
is  probably  leas  than  ya'e-g  of  that  of  the  earth,  has  assigned 
with  a  certdn  d^ree  of  probabiHty,  for  the  average  mass 
of  Com^,  a  qnantity  far  below  eveii  -m^-T  <^  ^he 
earth's  mass,  or  only  abont  ttW  o^  that  of  the  moon(^). 
The  paesage  of  Biela's  comet  across  thb  earth's  orbit  miist 
not  of  course  be  Confounded  with  its  proximity  to,  ot 
encounter  with,  our  globe  itselfi  When  this  passage  took 
phice  on  the  29th  o^  Octoba-,  1832,  the  earth  was  a  fall 
month  in  time  &om  the  point  of  intersection  of  the  two 
paths.  The  orbits  of  Encke's  imd  Biela's  comets  also  inter- 
sect each  other ;  and.it  has  been  justlyremaikedfthAtin  the 
course  of  the  many  pertothations  which  such  small  bodies 
Buif^  from  the  greater  planetary  masses,  there  is  a  possibility 
of  their  meeting  (^)  ;  and  that  should  this  take  place  abont 
the  middle  of  the  month  of  October,  the  inhabitants  of  the 
Earth  might  behold  the  extraordinaiy  spectacle  of  an  encoun- 
ter between  two  coamical  bodies,  and  possibly  of  their  mutual 
penetration  and  amalgamation,  or  of  their  destruction  by 
exhausting  emanations.  Such  events,  the  consequences  either 
of  deflection  produced  by  disturbing  masses,  or  of  originally 
inl«rsiecting  orbits,  may  have  t^en  place  frequently  in 
the  course  of  millions  of  years,  and  in  the  vast  ^tent  of 
immeasorable  space ;  th^  would,  however,  be  isolated  occui- 
nocesi  having  as  little  general  influeiice  on  other  coEsnioal 
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forma,  as  tlie  bre^og  forth  or  extinctnm  of  »  ma^  TolniTio 
has  in  ont  less  extensive  sphere. 

A  third  planetuy  comet  of  short  period  wns  disoovered 
OB  the  a2d  of  NmvcokKn,  1843,  at  the  Paris  Obseffratory, 
by  M.  Faye.  Ita  eUi|rtio  path  approaches  mnch  more  nearly 
to  a  circle  than  that  of  any  of  the  comets  previously  known 
to  aa<,  and  is  incisded  hebwetsa  t^e  orbits  of  Hars  end 
Sotom;  passing,  according  to  Ooldachmidt,  beyond  th« 
orbit  of  Jnp^.  This  comet  is  tlierefbre  one  ol  the  very 
few  whose  perUidia  are  beyond  the  orbit  of  TSam ;  its  period 
of  revolution  is  7'28  years,  and  Uw  [veBent  form  of  its 
puith  may  perh^»  be  doe  to  the  neat  approach  which  it 
made  to  the  great  nusa  d  Jnpiter  at  the  end  of  the  yeu 
L8&9> 

If  we  consider  ail  conxis  moving  in  elliptic  orbitB  as  bush- 
tiers  of  oni  solar  ^it«n,  and  dass  them  by  the  lengths  of 
t^eir  rnajm  axee,  the  amoont  of  thtir  eicmtdcitieB,  and  the 
dnraticm  of  (^dr  periods  of  revolution,  it  setHBs  |ffobaUe 
&at  in  the  last-named  lespect,  the  tiuee  comets  of  Eneke^ 
Biela,  and  Ft^Cy  an  moet  i^fu-ly  f^proached  by  thfl  com^ 
which  Messier  discovered  iu  1766  (jegarded  by  daaten  as 
identical  with  the  third  comet  of  1819),  and  by  the  fourth 
comet  seen  in  the  same  year  [1819],  discovered  by  Bleu- 
pain,  and  thon^t  by  Clansen  to  be  identical  with  tha 
eomet  of  1743.  The  orbits  of  the  last-mentifined  oomet, 
as  well  as  tist  of  Lesell's,  seem  to  have  nndargone  great 
alteratioQ  by  tiie  proximity  and  attraction  of  Jupiter;  the^ 
periods  of  revolution  appear  to  be  only  from  five  to  six  years,  : 
and  their  apbelia  take  place  near  the  orbit  of  Jupiter. 
Among  cometa  whose  periods  range  from  seventy  to  seventy- 
eii  years,  we  should  name,  first,  Halley's    which  has  been 
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of  SO  Binch  importance  in  theoretical  and  phjeical  astro- 
nomj,  and  whose  last  appearance  in  1835  was  less 
fariUiant  than  m^ht  have  been  expected  irom  preceding 
ones) ;  the  comet  of  Olbers  (of  the  6th  of  March,  1815)  ; 
and  the  one  discovered  by  Pons  in  1812,  the  elliptic 
orbit  of  which  was  determined  by  Encke.  The  two  latter 
comets  were  inviaflde  to  tlie  naked  eje.  We  now  know, 
with  certainty,  of  nine  returns  (rf  Bailey's  comet,  for  Lan- 
gier's  (^^)  calculations  have  recently  demonstrated  the  identity 
of  its  orbit  with  tliat  of  the  comet  of  1378,  mentioned  in 
the  Chinese  tables  of  comets,  for  the  knowledge  of  which  we 
are  indebted  to  Edonard  Biot.  Duiing  the  interval  between 
its  first  and  last  recorded  appearances,  in  1S7S  and  1835, 
its  periods  of  revolution  have  flactoated  between  74*91 
years  and  77'58  years,  the  mean  being  76*1. 

Contrasted  with  the  cosmical  bodies  of  which  we  have 
been  speaking  ue  a  group  of  comets  requiring  many  thou- 
sand  years  to  perform  thedi  revolutions,  of  which  the 
periods  can  only  be  determined  with  great  difficulty  and 
uncertainty.  Argelander  assigns  a  period  of  3065  to  the 
fine  comet  of  1811,  and  Encke  a  period  of  upwards  <d 
8800  years  to  the  awfully  grand  one  of  1680.  Accord- 
ing to  Budi  views,  these  bodies  recede  respectively  to  dia- 
tancea  firom  the  Sun  twenty-one  and  forty-four  times  greater 
th^  that  aS  Uranos,  or  to  33600  and  70400  millionx 
of  miles.  At  these  enormous  distances,  the  attractive  force 
of  the  Son  still  subsists ;  bat  whilst  tiie  motion  of  the  comet 
of  1680  at  its  perihelion  is  21%  miles  in  a  second,  being 
thirteen  times  greater  than  that  of  the  Earth,  its  velocity  at 
its  ^helion  is  scarcely  tea  feet  in  a  second,  being  only 
three  times  greater  than  that  of  our  most  stu^ish  Euiopoaa 


ttrets,  and  but  half  that  which  I  found  in  tlie  Cunqnian^ 
an  ana  of  the  Orinoco.  Amongst  the  countlesB  host  of  nn- 
ealculated  or  still  imdiscova«d  ecaatia,  it  is  highly  proba- 
ble that  Uiere  aie  msajt  the  major  axes  of  whose  orbits  m«j 
fa  exceed  even  that  ai  the  comet  of  1680.  In  order  to 
afford  through  tjie  medium  of  figures  some  i(lea,~-I  do  not 
■ay  of  the  extent  of  the  sphere  of  aUroction,  but, — of  Hu 
distance  in  space  of  a  fixed  star  or  other  sua  from  the  aphe- 
lion of  the  comet  of  1680,  (the  one  of  the  bodies  <rf  our 
solar  system  which,  according  to  our  present  knowledge, 
attains  the  greatest  ranoteness,)  I  would  here  remind  the 
teader,  that,  according  to  the  most  recent  determinationB  of 
paralW,  even  the  nearest  fixed  star  is  at  least  250  times 
more  distant  from  our  Sun  tiian  this  comet  at  its  i^helioB. 
^nie  comet* s  distance  is  only  44  times  that  of  Uranus,  whilst 
that  of  a  Centanii  is  llOOO,  and  of  61  Cygni,  according  to 
Bessel's  determination,  81000  times  that  of  Uranus. 

Having  thus  considered  the  greatest  known  distances  <iS 
comets  &om  the  central  bodj,  we  may  proceed  to  notice 
instances  of  the  greatest  proximity  hitherto  measured.  The 
•mallest  distance  between  a  comet  and  the  Earth  occurred 
in  &e  case  of  Lexell  and  Burkhardf  s  comet  of  1770,  which 
has  acquired  so  much  celebrity  from  the  perturbations  it 
underwent  &om  tlie  mass  of  Jupiter.  On  the  28th  of  June, 
1770,  this  comefs  distance  &om  the  Sarth  was  only  six 
tdines  that  of  the  Moon  &om  the  Earth.  The  same  comet 
passed  twice,  in  1767  and  in  1769,  through  the  syston  of 
the  four  satellites  of  Jnpittx,  without  causing  the  slightest 
sensible  derai^eaneat  in  these  amall  bodies,  whose  move- 
m^ts  are  so  well  known.  The  great  comet  of  1680,  when 
at  its  perihelion  on  the  17tl)   of   Decembw,  was  only 
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nne-sixt}]  of  tbe  sun's  dkiaet«r  (torn  the  snr&ce  of  tiist 
bodj;  as  approach  eight  or  nine  times  neaiet  than  Lsxdl's 
comet  made  to  the  Earth,  and  equal  to  onlj  seven-tcnthe  of 
the  Moon's  distance  from  the  Earth.  Owing  to  the  £eehle> 
neSs  of  the  hght  of  distant  oomets,  periheiiB  which  take 
^ace  beyond  the  orbit  of  Mars  can  ver^  seldom  be  observed 
hj  the  inhabitants  of  the  earth ;  and  of  all  the  comets  which 
have  been  comptited  hithefto,  thai  of  1729  ia  the  only  ons 
which  has  its  perihelion  between  the  orbit»  of  f  alias  and 
Jupiter;  it  was  even  obs^ed  beyond  the  latter  planet. 

Since  a  degree  of  scientific  knowledge,  sometimes 
soond,  bnt  oftener  rt^e  and  partial,  has  extended  into 
wider  drcles  of  soci^  life,  the  fe«n  of  possible  evib 
threatened  hj  comets  have  perhaps  tbtha  increased  in 
weight  as  their  direction  has  become  mens  de&nte.  He 
certeintj  that  within  the  known  plameUry  orbita  there  an 
ctauets  which  visit  our  regionB  at  short  intemJs, — the  con- 
siderable perturbations  which  their  paths  sndeigo  by  ths 
attractions  of  Jopiter  and  Satum,  whereby  apparently  hamt 
less  bodies  might  be  converted  into  dangerons  ones, — ^the 
intersection  of  the  Earth's  orbit  by  that  of  fiiela's  comet,— 
the  recognitioii  of  the  existence  of  a  cosmical  ether,  which 
as  a  retarding  medium  tends  to  confxact  aU  orbits, — the 
differences  between  indiTidual  comets,  which  allow  of  the  snp- 
position  of  considerable  diversity  in  the  mass  of  tite  socleoi, 
— are  motives  of  alarm  which  bj  their  number  and  miet^ 
ate  foJly  equivalent  to  the  v^ne  tears  which  provailed  in 
former  centuries  of  "fiery  swords,"  and  "long  haired 
blazing  stars,"  threatening  nniversal  conitagrgtion.  The 
tranquilhsing  considerations  which,  on  Gm  other  hand, 
have  been  doived  from  the  ealddas  (f  pnbsbilifies,  being 
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addressed  to  the  understan^g  rather  than  to  the  imagine 
tion,  modem  science  has  been  accused,  vitfa  some  degree  of 
jdstice,  of  oqIj  endeaTouring  to  eJIsj  fears  which  she  has 
herself  contribated  fo  excite.  "Oiat  the  imezpected  and  extra- 
oi^iiaiy  shonld  oflener  exdle  fearthan  joyw  hope("),8pringB 
ifrom  a  source  more  deeplj  seated  in  onr  common  nature. 
The  strange  aspect  of  a  laige  cometj  its  hint  neboloos  gleam* 
{ts  sadden  appearance  in  the  mull  of  heaven,  have  almost 
always,  and  in  all  r^ona  of  the  earth,  been  viewed  as  the 
portentous  heralds  of  impending  change  in  tits  established 
order  of  things.  I^e  phenomenon  itself  being  of  short  dura- 
tion, its  reflection  is  the  more  naturally  looked  for  in  cotem- 
potaneous  or  immediately  succeeding  events,  and  it  is  seldom 
difficult  to  fix  on  some  incident  which  may  be  interpreted  as 
the  calamity  foreshewn.  Inoorowntime,  bowever,thepopulat 
mind  has  taken  another  and  more  cheerful,  though  sii^alar, 
direction  in  respect  to  comets.  Among  the  German  vine- 
yards,  in  the  beantiful  vaUeys  of  the  Ehine  and  the  Moselle, 
a  favourable  influence  on  the  ripening  of  the  grape  and  oil 
tlie  quality  of  the  wine  has  been  ascribed,  to  these  bodies 
long  regarded  aa  so  ill-omened :  nor  has  experience  of  a 
contrary  kind,  which  has  not  been  wanting  in  these  days 
when  comets  have  been  so  often  seen,  been  able  to  shake 
the  belief  in  this  meteorological  fable  of  wandering  hea(> 
imparting  stars. 

I  now  proceed  from  the  consideration  of  comets  to  that 
of  another  and  still  more  enigmatical  class  of  bodies ;  namely, 
to  those  minute  asteroids,  which,  when  they  atiive  in  a  frag- 
mentary state  within  onr  atmoephere,  we  designate  by  the 
names  of  "aerolites,**  at  "meteoric  stones."    If  I  dwell  at 
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greater  length  cm  these  phieiiomena  as  well  as  on  comefu, 
and  notice  particular  cases  more  than  might  appear  suitable 
in  a  general  view  of  nature,  it  ia  not  without  a  purpose. 
The  great  diversity  of  character  in  diffeient  comets  has  been 
already  mentioneii  The  little  knowledge  which  we  yet  pos* 
Bess  of  the  physical  qualities  of  these  bodies,  renders  ift 
difficult  to  separate  the  ess^itial  &om  the  accidental  in  phe- 
nomena recurring  at  intervals,  and  which  have  been  observed 
with  very  unequal  degrees  of  accuracy.  It  is  only  the  mea- 
snring  and  computing  pwts  of  the  astronomy  of  comets, 
which,  in  modran  times,  have  made  such  admirable  progress : 
in  the  present  imperfect  state  of  our  knowledge,  therefore,  a 
scientific  ctmaideratioa  must  r^trict  itself  to  physiognomical 
diversity  in  &b  nucleus  and  tail, — to  instances  of  remarkable 
approximation  to  other  cosmical  bodies, — and  to  extreme 
cases  either  of  dimensions  of  orbit,  or  of  periods  of  revolution. 
In  these  phtenomena,  as  well  as  in  those  which  will  next  bo 
treated  of,  fidelity  to  nature  can  only  be  sought  in  the 
carnal  description  of  individual  instances,  and  by  such  an 
anunated  and  graphic  mode  of  expression,  as  may  serve  to 
bring  the  reali^  vividly  before  the  mind. 

Shooting  stars,  fire  balls,  and  meteoric  stones,  are  with 
great  probability  regarded  as  small  masses  moving  with 
j^etary  velocities  in  apace,  and  revolving  in  conic  sections 
TOund  the  Sun,  in  accordance  with  the  laws  of  universtd 
gravitation.  These  masses  approach  the  Earth  in  their 
path,  are  attracted  by  her  mass,  and  enter  oni  atmosphere, 
becoming  limunous  at  it«  limits;  when  they  frequently  let 
fall  stony  fragments,  heated  in  a  greater  or  less  degree,  and 
coveted  with  a  shining  black  crust.  A  caiefnl  investigatioii 
of  what  has  been  observed  at  ihe  epochs  when  periodio 
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shovers  of  shooting  stars  MI  in  Comanain  1799,  and  in 
!North  America  in  1833  and  1831,  shewsj  that  balla  of  fire 
and  shooting  stars  are  not  only  often  contemporaneous  and 
intermingled,  bat  that  they  pass  gradually  one  into  flte 
other,  whether  ire  compare  the  magmtdde  of  thdr  disks,  or 
the  trains  which  accompany  them,  or  the  velocities  of  thai 
movement.  While  there  are  exploding  and  smoke-emitting 
balls  of  fire,  which  are  Intniaoos  even  in  the  bright  miashinfl 
of  a  tropic  day  C^),  and  sometimes  exceed  in  size  the  apparent 
diameter  of  the  Moon, — ^there  ai^  on  the  otiier  hand,  shooting 
stars  which  fall  in  immense  nombera,  and  are  of  such  small 
dimensions,  that  they  exhibit  themsdves  only  as  moving 
points,  or  as j>Ao»pA(we»cc«<ft'»M{").  Whether  among  the 
many  Inminons  bodies  whidi  shoot  across  the  sky,  there  ms^ 
not  be  some  of  a  different  nature  from  others,  still  remains  un- 
certain. In  the  equinoctial  zone,  I  received  the  impression 
that,  both  on  the  low  burning  plains,  and  at  elevations  of 
twelve  or  fifteen  thousand  feet,  falling  stars  were  there  more 
frequent, — of  brighter  colonrs, — and  more  often  accompanied 
by  long  brilliant  tnuiis  of  hght,  than  in  the  colder  latitades  j 
but  doubtless  this  impression  was  occasioned  solely  by  the 
exceeding  transpMency  of  the  tropical  atmosphere,  which 
enables  the  eye  to  penetrate  ferther  into  its  depths  (*").  8ir 
Alexander  Bumea  extols,  as  a  consequence  of  the  serenity 
and  clearness  of  the  air  and  sky  in  Bokhara,  the  brilliant 
and    frequently  recorrii^  spectacle  of  variously  coloured 


The  connection  of  meteoric  stones  vrith  the  more  splendid 
l^isenomenon  of  fire-balls,  and  the  fact  that  meteoric  stones 
sometimes  fsdl  from  fire-balls  with  a  force  which  causes  them 
to  sink  to  a  depth  of  from  ten  to  fifteen  feet  into  the  earth. 
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have  heen  ahevn,  among  many  otiier  inatances,  bj  die  foils 
of  aerolitee  observed  at  Barbotan,  in  the  S^partement  des 
Landes  in  fimce  (24tli  July,  1790),  at  Sienna,  (16th 
June,  1794),  at  Weston  in  Connecticat  (14th  December, 
1807),aTidatJuveTiasintheD^arteuieutderAid&c}ie,  (15tii 
/niie,  1821).  In  otJier  iosteoicea,  a  snuill  and  very  dark 
dood  torna  soddenly  in  a  peifecU;  dar  ekj,  and  the 
■tones  aiB  hurled  finm  it  vitU  a  noise  resembling  repeated 
discharges  of  cannon.  Such  »  dood,  moving  over  a  wbde 
district  of  coimtiy,  has  sometimes  covered  it  with  thoosaads 
of  fragments,  very  various  in  size,  but  similar  in  qnalitj. 
A  phenomenon  of  still  more  rare  occurrence  took  place  on 
the  16th  September,  1843,  when  a  large  aerolite  feU  at 
Kleinwenden,  not  far  from  Mnlhaosen,  accompanied  hj  ft 
thundering  noise,  but  with  a  dear  skj  in  whioh  no  cloud 
was  formed.  Aa  farther  evidence  of  the  afflnit;  between 
fire-balls  and  shooting  stars,  it  should  be  noticed  that  fue- 
baUs,  &om  which  meteoric  stones  have  descended,  have  aome- 
flmes  been  seen,  as  at  Angers,  rat  the  8th  of  Jane,  1822,  of 
a  diameter  hardl;  eqoal  to  that  oi  the  small  Eoman  candles 
in  our  fire-works. 

We  have  as  yet  scarcely  any  knowledge  in  r^ard  to  the 
physical  and  chemical  {socesaes  which  contribute  to  the 
formation  oi  these  phienomena.  Whether  the  partides,  d 
whidi  the  compact  meteoric  mioses  are  composed,  exist 
miginall;  in  a  fluid  form  (as  in  eomete)  and  only  begin  to 
condense  within  the  fire-ball  at  the  moment  when  it  betomet 
luminous  to  our  sight, — or  what  takeis  place  within  the 
boaom  of  the  dark  dond  &om  which  sounds  resembling 
thunder  are  sometunes  heard  for  nainnles  before  the  stonea 
are  precipitated  from  it,— or  whether,  in  the  case  of  smaller 
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tbootiag  riaiB,  ttun  fiiUs  mij  amfaiA  BolufaDOB,  «  only  « 
meteoric  duit  (^>)>  oonteini^  iroa  tad.  vichd, — •re  qoesticHia 
«tQl  wraj^ted  in  great:  obecoritf.  W«  ksonr^  by  meaaan* 
ment,  the  astonishiji^  and  wboUy  planetaiy  Ydjoatj  of  shoots 
ing  stars,'  fire-b^,  and  BMtaonc  etones;  io.  thu  ro^iecl^ 
Uier^Qie,  we  ire  oUe  to  reoogiaaB  what  ia  "  general"  and 
"  unifomi"  in  the  pbescanena ;  bnt  the  genetic  and  cosmieal 
premisefl,  Hao  saoaeaBtTe  tcaDBfonnatiuiis  andt^tme,  mn 
not  knowB  to  as.  If  meteonc  stoma  dmilate  iu  apaoa 
in  already  conaoUdated  and  deiue  ina88efl(^  (leas  dense,  how* 
erar,  than  the  mean  deneitj  of  flw  earth),  we  moat  sapposa 
that  tfi^  f<arm  veiy  small  nuclei  whidi,  sorKiiinded  by  in- 
flainm&blfi  vt^ofs  or  gases,  eonstitste  fire-balls  of  &om  500 
to  2600  feet  in  sdnul  diameter,  as  inferred  in  some  of  the 
largest  amongst  them  from  obserrations  of  their  height 
end  ^parent  diameter.  The  largest  meteoric  ntasses  yel 
known  to  ob  are  those  i^  Bahia  in  Braiil,  and  of  Otumpa, 
described  by  Baton  de  Celis :  these  aie  seven  and 
seven  and  a  half  feet  in  length.  The  meteoric  stone  of 
.figoa  Fotamos,  celebrated  in  tmliqnity,  and  mentioned  in 
the  Chronicle  of  the  Parian  Maibles,  and  which  foil  about 
the  year  of  the  biith  of  8ocrat«a,  has  been  deacribed  as  being 
ct  &o  size  of  two  miUstones,  and  eqnal  in  weight  to  a  fall 
waj^Q  load.  Kotwithstanding  the  Mnre  of  the  efforta  of 
the  African  traTcUer,  Browne,  I  hftve  not  given  ap  the  hope 
that  this  Thracian  meteoric  mass,  which  must  hnre  been  so 
difficult  to  destroy,  may  be  found,  afier  the  lapse  oi  more  than 
2300  yeais,  by  s«Hue  of  the  European  visitors  to  coonfiies 
which  have  now  beccane  so  easy  of  access.  We  leara  by  « 
document  lately  discovered  by  Peitz,  that  the  enormous 
aendita  whid),  in  thebegincingof  the  tenth  century,  fell  into 
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the  river  near  Nanii,  projected  nearly  fotu  feet  above  the  8i»> 
&ce  of  the  water.  It  must  be  remarked  that  these  met£orio 
stones,  whether  sndent  or  modem,  cannot  be  regarded  aa 
mcoe  than  principal  fragmente  of  the  maas  which  exploded 
in  the  fire-bEdl,  or  descended  from  the  dark  dond. 

When  we  consider  the  mathematically-proved  enormons 
Veloci^  with  which  meteoric  etones  arrive  at  the  earth  from 
the  exbeme  limits  oi  the  atmosphere,  and  with  which  balb 
of  fin  move  in  a  more  lengthened  course  through  ita  denser 
strata,  it  appears  to  me  highly  improbable  that  these  metal- 
liferous masses  of  stone,  with  thar  imbedded  and  perfectly- 
formed  crystals  of  olivine,  labradorite,  and  pyroxene,  should 
have  condensed  from  a  gaseous  state  into  a  solid  nnclens  in 
so  short  an  interval  of  time.  Even  when  the  falling  pieces 
differ  from  each  other  in  chemical  composition,  they  almt^ 
dwajs  show  the  peculiar  characters  of  a  fragment,  having 
often  a  prismatic,  or  toincated  pyramidal  form,  with  slightly 
curved  Sees  and  rounded  wgles.  But  whence  this  frag- 
mentary chiuticter  (first  lecognised  by  Schreibers)  in  a 
rotating  plemetary  body  P  Here,  as  In  the  sphere  of  organic 
life,  there  is  obscurity  in  all  that  belongs  to  the  history  of 
development.  Meteoric  masses  kindle  and  become  luminois 
at  elevations  which  most  be  supposed  to  be  almo^ 
entirely  deprived  of  ur.  Biof s  recent  investigations 
on  the  important  phtenomena  of  twilight  (*^)  even  reduce 
considerably  the  haght  at  the  line  which  has  been 
nsu^y,  but  somewhat  hazardously,  termed  the  "  limit"  of 
the  atmosphere;  but  luminous  processes  may  take  plaoa 
.without  the  presence  of  oxygen,  and  Poisson  has  iinagineid 
that  the  ignition  of  aerolites  occurs  far  beyond  the  range  of 
our  atmosphere.     lu  treating  of  meteoric  stones,  as  well  as 
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of  the  larger  cosmical  bodies  of  onr  solar  syBtem,  It  u  only 
in  what  is  subject  to  calcolaiiDB  and  to  geometiic  meaBoie- 
ment  that  we  feel  ourselves  on  safe  or  solid  ground.  As 
early  as  1686,  Halley  pronoonced  Ihe  great  ball  of  fire  seen 
in  that  year,  the  movement  of  which  was  opposite  to  that  of 
the  £uth  in  htforbit(**)jacosmicBl  phenomenon;  but  it  was 
not  unto  1794,  that  Chladni,  with  remarkable  acuteness, 
lecogniaed  the  general  connection  between  lire-balls  and  tiiose 
stones  which  had  been  known  to  fall  through  the  air,  and 
the  motioit  of  the  former  bodies  in  apace  (^).  A  bnlliant  con- 
firmation of  this  view  of  the  cosmical  origin  of  tbese  phimo- 
meDS  has  since  been  famished  by  Senison  Olmsted,  of  New* 
haven  in  Massachusetts,  who,  firom  the  concurrent  testimony 
of  all  the  observers  of  the  celebrated  fall  of  meteors,  or  shoot- 
ing staiSj  which  took  place  on  the  12th  OT  13th  ofXovember, 
18S3,  has  shewn,-~thBt  all  these  bodies,  whether  fire-balls  or 
shooting  stars,  proceeded  from  the  same  quarter  of  the 
heavens,  t.  e.  from  a  poiut  nearthestar  y  Leonis, — and  Uiat 
this  continued  to  be  the  point,  althoi^h  in  the  time  during 
which  the  phenomenon  was  observed,  the  star  materially 
altered  both  its  apparent  altitude  and  azimuth.  This  inde- 
pendence of  the  earth's  rotation  showed  that  the  luminooB 
bodies  came  from  leithout^  i.  e.  that  th^  entered  onr  atmo- 
sphere from  the  estenial  regions  of  space.  From  Eucke's 
computation  (^B)  of  the  whole  of  the  observations  which  were 
made  in  the  United  States  of  North  America,  between  the 
latitudes  of  35°  and  i%°,  it  follows  that  these  meteora- 
atl  proceeded  from  the  point  in  space  towards  which  ^e 
motion  of  the  Earlh  was  then  directed.  In  the  subsequent 
great  falls  of  shooting  stars  in  the  month  of  November, 
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in  Biemen,  (he  name  general  parallelisin  of  the  paths  of  the 
meteois,  and  the  same  directioa  from  the  conatellatioii  of  the 
Lion,  were  lecognisecL  The  periodical  foils  of  shooting  atan 
which  take  place  at  other  parts  of  the  jear,  axe  also  supposed 
to  show  greater  parallelism  of  direction  than  is  the  case  with 
those  whidi  appear  spoisdicaUy  at  other  seasons.  Apmodical 
recurrence,  aimiUr  to  that  of  Norember,  has  been  noticed  in 
the  month  of  Angost;  in  which  month,  in  1839,  it  was 
observed  that  the  meteors  came  from  a  point  in  the  heavens 
sitnated  between  Perseus  and  Taurus,  towards  the  latter  of 
which  constellations  the  Earth  was  then  moving.  This  pecu- 
liarity of  the  phienomenon  {viz.,  the  retrograde  direction, 
both  in  November  and  in  August),  is  especially  deserving  of 
being  confirmed  or  refuted  hj  very  exact  and  careful  obser- 
vation on  future  occasions. 

The  hdghts  of  shooting  stars,  i.  0.  the  heights  at  which 
th^  first  become  vi8ible,aB  well  as  those  atwhich  theitvisibility 
ceases,  are  exceedingly  vuious,  fluctuatmg  from  16  to  140 
miles.  This  important  result,  and  the  enormous  velocity  of  these 
problematical  asteroids,  were  first  shown  by  Benzenberg  and 
Brandes,  &om  simultaneous  observations  and  deteimiuations 
of  parallax,  at  the  two  extremities  lA  a  base  line  of  ddOOO 
(49020  EngUah)  feet  inlength{").  The  relative  velocity  of 
their  motion  was  from  ei^teen  to  thirty-six  miles  in  a 
second;  and  similar,  therefore,  to  that  of  the  planetsC^}. 
This  planetary  velocity,  and  the  retrograde  or  opposite  direc 
tion  of  the  paths  of  the  meteors  to  that  of  the  Earth,  are  tho 
principal  grounds  which  are  consid^^  subversive  of  that 
hypothesis  which  attributes  the  origm  of  aerolites  to  the 
supposed  active  volcanoes  of  the  Moon.  All  numerical 
hypotheses  of  a  greater  or  less  volcanic  force  on  a  small 
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ooemicaL  bod;  not  Borroimded  b;  an  stmoaphei^  must 
be  in  their  nature  exceedingly  itrbitiai^.  'Vka  reaction  td 
the  interior  of  sncb  a  bod;  against  its  crust  joaj,  indeed,  be 
imagined  to  be  ten  times,  or  even  a  hundred  times,  more 
powerful  thou  thftt  of  our  present  terrestrial  volcanoes,  The 
diredaon  of  maeses  discharged  from  a  aatellite  revolving  from 
vest  to  east,  might  also  appear  retrogtade,  in  conseqnence  of 
tilie  Earth  arriving  later  at  the  point  in  her  orbit  where  those 
masses  &U.  If,  however,  we  duly  weigh  all  the  circumstances, 
which  I  have  thoo^t  it  necessary  to  recount  lest  I  should 
seem  to  make  ass^ons  without  having  sufficient  ground  for 
their  support,  we  shall  find  the  lunar  oiigin  (M)'  of  meteoric 
stones  to  be  d^nndent  on  a  nnmber  of  different  conditions 
whose  concurrence  would  be  requisitA  in  order  to  dumge  the 
nmplj  possible  into  the  actual.  It  ^ipears  more  in  analogy 
with  our  other  views  <d  the  fwrnation  of  the  solar  system,  to 
admit  the  separate  eustence  of  small  planetary  masses  drca- 
lating  independently  in  spaice. 

It  is  very  piobable  that  a  la^  portion  of  tliese  minute 
cosmical  bodies  may  continue  their  course  round  the  sun 
ondestroyed  by  the  vicinity  t^  oar  atmosphere,  and  sufTering 
only  an  alteration  in  the  eccentricity  of  their  orbits  by  the 
attraction  of  the  earth.  It  is  possibly  therefore,  that  they 
first  beccone  visible  to  us  after  many  revolutions.  The  mp- 
poeed  ascent  of  shooting  stars  and  balls  of  fire  which  Chladni 
attempted,  not  very  happily,  to  explain  by  the  reaction 
of  the  ail  strongly  compressed  in  their  descent,  seems, 
at  first  si^t,  a  consequence  of  some  unexplained  tangential 
force  tending  to  throw  off  the  meteors  from  the  earth :  bnt 
Bessel  has  asserted,  on  theoretical  grounds,  the  im- 
probability of  the  supposed  facts ;   and  this  has  been  siDca 
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ooQflimed  by  Feldt's  ciireful  calculations.  Brewing  that,  I(« 
want  of  perfect  simultaneity  in  the  observed  disappearances, 
an  upward  movement  cannot  be  regarded  as  a  result  of 
observation  ('").  Future  researches  must  decide  whether, 
fts  Olbers  supposes,  the  explosion  of  shooting  stars,  mid  the 
ignition  of  fire-balls,  may  not  occasionally  tmpl  the 
meteors  upwatds,  or  otherwise  influence  ihe  direction  of 
their  paths. 

Shooting  stars  fell  either  sin^y  or  sporadically,  ot  in 
groups  of  many  thousands  which  are  compared  by  Arabian 
vriteTB  to  flights  of  locusts.  The  latter  cases  are  periodical, 
and  the  meteors  are  then  seen  in  strearasj  moving,  for  the 
most  part,  in  paraUel  directions.  Of  the  periodic  groups, 
those  hitherto  best  known  are  the  pheenomena  of  the  12th 
to  the  14tli  of  November,  and  of  the  lOlh  of  August  or  the 
day  of  St.  Lawrence,  whose  "fiery  tears'" C)  were  long  since 
recognised  in  England  as  a  recurring  meteoroli^cal  phe- 
nomenon, and  are  mentioned  in  an  old  ChuTch  Calendar,  aa 
well  as  in  legendary  traditions.  Although  a  mixed  shower 
of  shooting  stars  and  fire-balls  had  been  seen  on  the  night 
of  the  12th  and  13th  of  Noyember,  in  1828,  by  Kloden,  at 
Potsdam, — and  in  183Si  throughout  Europe,  from  Forts, 
month  in  Engknd,  to  Orenburg  on  the  Oural  river,  and  even 
in  the  southern  hemisphere  in  the  Isle  of  France, — still  the 
idea  of  the  periodicity  of  the  phtenomenon,  and  of  great 
showers  of  faUing  stars  being  connected  with  particular  days, 
was  first  inferred  on  the  occasion  of  the  fall  observed  by 
Ohnsted  and  Palmer  in  North  America  on  the  12th  and 
13th  of  November,  1833,  when  the  shooting  stars  seemed, 
in  one  part  of  the  sky,  to  fall  as  thickly  as  snow-flakes ; 
in  the  course  of  nine  hours  there  fell  at  least  210000. 
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Falma  recalled  to  recollection  the  M  of  meteors  in  1799, 
$t  Newhaven,  which  was  first  descnbed  by  Elhcott  and 
myself  ('^),  and  vhich  was  shown,  by  the  bberrations  which 
I  brought  together,  to  have  extended  simnltaneoualy  over  the 
new  continent,  from  the  Equator  to  New  Hermhat  in  Green- 
land in  lat.  61°  11',  and  from  46''  to  82°  of  west  longitode 
from  Paris.  TTie  identity  of  the  two  f^ochs  was  perceived  with 
astonishment.  The  siream  which  was  seen  over  the  wholtt 
sky,  on  the  IZth  and  ISUi  of  Kovember,  18S3,  from  Jamaica 
to  Boston,  recntied  on  the  nights  of  the  13th  and  14&  of 
November,  1834,  in  tito  United  States,  bat  the  dis^ 
was  less  briUi&nt. 

A  second  equally  r^ular  periodic  shower,  that  of  the 
Feast  of  St.  Lawrence,  takes  place  between  the  9th  and  14& 
of  August.  Muschenbrock  [1*)  had  called  nttantion,  in  the 
middle  of  the  last  century,  to  the  frequency  of  meteors  in 
the  month  of  August ;  but  their  regular  return  about  the 
epoch  of  St.  Lawrence's  Day  was  first  made  out  by  Qnetelet, 
Olbers,  and  Benzenbei^.  No  doubt  other  periodically  re- 
curring showers  ('*)  will  in  tdme  be  discovered,  possibly 
about  the  22nd  imd  25th  of  April,  the  6th  and  12th  of 
December,  and — ^judging  &om  the  fells  of  aerolites  recounted 
by  Capocchi— perhaps  abo  from  the  27th  to  the  29th  of 
November,  or  on  the  17th  of  July, 

Independent  as  all  the  occurrences  of  this  kind  have 
hitherto  seemed  of  local  circumstances,  such  as  latitude, 
temperature,  and  climatic  rdationa,  there  is  an  accompanying 
phenomenon  of  which  it  would  be  wrong  to  omit  the  notice, 
although  the  coincidence  may,  perhaps,  have  been  purdy 
accidental,  The  Aoiora  Borealis  showed  itself  with  great 
interndty  during  the  occurrence  of  ^e  most  munificent  di>- 
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play  of  meteors  yet  ohsetred,  via,,  that  described  by  Olmsted, 
on  the  18th  and  13th  of  Noyember,  1833.  The  Aurora 
was  also  seen  during  Ihe  periodical  phsenomenon  in  183S,  at 
Bremen,  vhere,  however,  the  &U  of  meteors  was  much  less 
striking  than  at  Bichmond,  near  London.  I  have  noticed 
elsewhere  the  remarkable  obserration  of  Admiral  Wrangel("), 
which  he  has  repeatedly  confirmed  to  me  verbally,  viz.,  that 
doring  the  aiq)earaiice  of  the  Aurora  on  the  Siberian  coast 
of  the  Polar  Sea,  he  frequently  saw  portions  of  the  aky 
not  previously  Inminons  which  seemed  to  kindle  when  » 
falling  star  shot  acrots  them,  and  continned  bright  for  some 
time  afterwards. 

It  is  probable  that  t^  different  streams  oi  meteors,  each 
confflsting  of  myriads  of  small  cosmical  bodies,  intersect  the 
orbit  of  the  Earth  in  tiie  same  way  that  Biela's  comet  does. 
According  to  this  view,  we  may  imagine  lliat  they  form  a  con- 
tinaoQs  ring,  each  pntsoing  its  coarse  in  a  common  direction. 
The  small  planets  between  Mars  and  Jupit^  present,  with 
the  exception  of  Pallas,  an  analogons  arrangement  in  their 
doselyconnectedorbits,  We  cannot  yet  determine  whethertlw 
variations  in  the  epochs  at  whidi  the  stream  becomes  visible 
to  ns,  and  the  retardations  of  the  phcenomena,  to  which  I  long 
ago  called  attention,  indicate  a  regular  progression  or  an 
oscillation  of  the  nodes  (i.  e.,  the  pmnts  of  intersection  of 
the  ring  with  the  Earth's  orbit] ;  or  whether  they  are  to  be 
explained  by  the  irregular  grouping  imd  very  tmeqaal 
distances  apart  of  these  very  small  bodies ;  and  hy 
^iB  supposition  that  the  zone  formed  by  them  has  a  width 
which  the  Earth  requires  several  days  to  traverse. 
Ti»  system  of  the  satellites  of  Saturn  shows  us  a  gronp 
of  intimately  connected  cosmical  bodies,  occupying  a  zoue 
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of  prodigions  breadth.  la  this  group  the  orbit  of  the 
oatennast,  that  is  the  Bcrenth,  eat«lhte,  has  a  diameter  so 
considerable,  that  the  ecuih,  in  hex  cooTBe  round  the  sun, 
require*  three  days  to  pass  through  an  eqtul  space.  If  in 
oneof  thecontinuoos  rings,  which  we  have  imagined  as  formed 
bj  the  paths  of  the  periodical  streams,  we  suppose  the  dis- 
tribntioQ  of  the  ast«roids  to  be  such  that  there  are  only  a  few 
groups  so  closel;  congr^ated  as  to  occasioa  the  appearance 
of  showers,  we  may  conceive  how  such  bnlliant  pheenomena 
Bs  those  of  November  1799  and  1833  may  be  of  exceediagly 
rare  occurrence.  The  highly  ingenious  Olbers  was  ioclined 
to  think,  that  the  next  return  of  the  great  phEenomenon  of 
fire-balls  and  shooting  stars  falling  like  flakes  of  snow, 
would  be  witnessed  ^m  the  12th  to  the  14th  of  November, 
1867. 

Sometimes  the  stream  of  the  November  asteroids  haa 
been  visible  over  a  small  portion  only  of  the  earth's  surface : 
for  example,  in  the  year  1837,  it  was  seen  with  great  mag- 
nificence as  a  meteoric  shower  in  England,  whilst,  on  the 
same  night,  which  was  nnintermptedly  clear,  a  vei;  atten- 
tive and  practised  observer  at  Braunsberg,  in  Ftussia,  saw 
only  a  few  sporadic  shooting  stars  between  7  F.II.  and  sun* 
rise  the  following  morning.  Hence,  Bessel  inferred  {'s)  that 
a  small  group  of  the  great  ring  occupied  by  these  bodies 
^ipioached  the  earth  in  England  only,  while  the  countries 
to  the  eastward  passed  through  a  part  of  the  meteoric  ring 
which  was  comparatively  void.  Should  increased  proba- 
bility be  given  to  the  supposition  of  a  regular  progression 
of  the  line  of  nodes,  or  of  its  oscillation  in  consequence  of 
perturbations,  the  discoveiy  of  older  observationB  of  these 
phasnomaia  will  acquire  a  special  interest.     The  Chinese 
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annals,  which  contain  notices  both  of  the  appearance  of 
comets,  and  of  great  showers  c^  falling  stars,  go  back  be- 
yond the  time  of  Tyrtteos,  or  of  the  second  Mesaenian  war : 
they  describe  two  streams  occurring  in  the  month  of  March, 
one  of  ;which  was  observed  087  years  before  the  Christian 
era.  Edouard  Biot  has  remarked,  that  in  fifly-two 
appearances  of  numerous  shooting  stars  recorded  in  the 
Chinese  annals,  the  periods  which  recur  most  frequently 
are  from  the  20th  to  the  2ZA  iv\y,  old  style.  This  stream 
may  therefore  be  the  same  as  that  which  we  now  observe 
about  St.  Lawrence's  day  (10th  of  Angust),  supposing  it  to 
have  somewhat  advanced  (^').  If  the  shower  of  falling  stars 
of  the  21st  October,  1366,  pid  style,  of  which  Bt^uslawski, 
(the  younger),  has  found  a  notice  in  fieUessins  de  Horowic^s 
Ohronicon  Ecclesise  Pragensis,— be  our  present  November 
phainomenon,  seen  on  that  occasion  in  bright  daylight, — we 
should  learn  from  the  progression  which  has  taken  place  in 
the  interval  of  477  years,  that  the  centre  of  gravity  of  th^ 
system  of  shooting  stars  describes  a  retrograde  path  round 
the  sun.  It  also  foUows  from  the  views  which  have  been 
here  developed,  that  if  years  pass  by  in  which  neither  of 
die  streams  wltich  have  been  hitherto  indicated  (tliat  is, 
those  of  November  and  Angost)  are  observed  at  any  part  of 
the  earth,  the  cause  may  be  sought,  either  in  intermptious 
in  the  ring  by  vacant  spaces  or  gaps  between  the  groups  of 
ast«roids,  or,  as  Poisson  thinks,  in  the  influence  which  the 
larger  planets  p^)  may  exercise  on  the  form  and  positioa  of 
the  ring.  . 

The  solid  masses  which  reach  the  earth, — whether  tliej 
have  been  seen  to  M  at  night  from  balls  of  fire,  or  in  the  day- 
time from  a  small  dark  cloud  usually  in  a  clew  sky,  and  with 
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a  loud  noise — thongh  oonsidertibly  heated,  are  not  incan- 
descent. They  exhibit,  on  the  whole,  a  general  anmislAkeable 
resemblance  to  one  anothn  in  thdr  external  fonn,  in  the 
nature  of  their  cmst,  and  in  the  chemical  composition  of  their 
piincipal  constitaents;  and  this  resemblance  is  traceable  when 
and  wherever  they  have  been  collected,  at  all  periods  of  time, 
and  in  all  parts  of  t^he  eartb.  Bat  this  remarkable  and  early 
recognised  similarif;  of  general  character  in  solid  meteoric 
masses,  suffers  many  exceptions  in  detail.  How  different  are 
the  very  malleable  masses  of  iron  irom  Hradschina  in  tlie  dis- 
trict of  Agnxxi,  or  those  from  the  banks  of  the  Sisim  in  the 
Jeniselsk  government,  mentioned  by  Fallas,  or  those 
whicli  I  brought  from  Mexico  ('■),  all  of  which  con- 
tain 96  per  cent,  of  iron,  from  the  aerolite  of  Sienna,  which 
hardly  contains  two  per  cent,  of  iron,  from  the  earthy  me- 
teoric stone  of  ALds  in  the  D^partoment  dn  Gard,  which 
&II5  to  pieces  when  immersed  in  water,  and  from  those  of 
Jonzac  and  Jnvenas,  which  are  without  any  metallic  iron, 
and  are  composed  of  various  crystalline  ingredients. 
These  diversities  have  led  to  the  division  of  the  cosmical 
masses  u>ider  consideration  into  two  classes ;  nickdife- 
roua  meteoric  iron,  and  fine  or  coarse-grained  meteoric 
stones,  llie  crust  of  these  masses,  which  is  only  a  few 
tenths  of  a  line  in  thickness,  is  very  characteristic ;  it  has 
often  a  pitchy  lustre  (**)  and  is  sometimea  veined.  The  only 
instance  which  I  know  of  the  absence  of  this  crust  is  in  the 
met«oric  stone  of  Chantonnay  in  La  Vendue,  which  is 
marked  by  another  circmnstance  equally  rare,  viz.  the  presence 
of  pores  and  vesicular  cavities,  like  the  meteoric  stone  of  Juve- 
nas.    The  separation  of  the  blat^  crust  from  the  light  gray 
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mass  beneath  is  always  as  sharply  defined  sa  is  that  of  the 
dark  leaden-coloured  crast  of  the  vhite  granite  blocks  (s') 
which  I  bronght  from  the  cataracts  of  the  OrinocOj  and 
which  are  also  found  by  the  side  of  many  cataracts  in  othei 
puts  of  the  world,  as  those  of  tiie  Nile  and  the  Congo. 
The  greatest  heat  of  onr  porcelain  furnaces  can  ptodnce 
nothing  sumlar  to  the  crust  of  the  aercUtes,  so  distsnctly 
and  sharply  separated  from  the  unaltered  mass  beneath. 
Appearances  which  might  seem  to  indicate  a  softening  of 
the  fragmaats  have  been  occasionally  recognised,  b«t.  in 
general,  the  condition  of  the  greater  part  of  the  mass,— 
the  absence  of  any  flattening  from  the  effect  of  the  faU, — and 
the  moderate  d^ree  of  heat  perceived  on  touching  the 
newly  fallen  aerolite, — are  far  from  indicating  a  state  of  in- 
ternal fusion  during  its  rqiid  passage  from  tiie  limits  of  the 
atmosphere  to  the  eartii. 

The  chemical  element  of  which  meteoric  masses  consist 
have  been  well  analysed  by  Betzelins,  and  are  the  same  which 
we  find  dispersed  in  the  crust  of  the  earth ;  they  indude  iiooj 
nickel,  cobalt,  manganese,  chrome,  coppet,  arsenic,  im, 
potash,  soda,  snlpbor,  pho^hotus,  and  carbon;  being  in 
all  about  one-third  of  the  number  of  elementaiy  substances 
with  which  we  are  at  present  acquainted.  Notwithstand- 
ing the  identity  of  ihax  ultimato  constituents  with  those 
into  which  inorganic  bodies  aia  chemically  decomposablt^ 
yet  the  maimer  in  which  these  constituents  are  combined 
occasjona  the  general  aspect  of  meteoric  masses  to  be 
peculiar,  and  unlike  terrestrial  productions.  The  pre- 
sence of  native  iron,  found  in  almost  all  aerolites,  gives 
them  B  specific  idiarac^,  but  one  not  neoessarily  lunar; 
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ba  tht^e  may  be  other  cosnicd  bodies  besutes  the  nuxm 

m  vbich  water  may  be  entiidy  wantiiig,  and  prooeeses  ot 
ooiidatioii  may  be  rare. 

The  coamical  gelatinouB  vesicles,  the  oiffsic  masses  n- 
aembling  the  Tremelia  nottoc,  which,  since  tlie  middle  ages, 
have  been  supposed  to  belong  to  shooting  ston,  and  the  pyrites 
<rf  Sterlitamak,  west  of  tbe  Ooial,  which  are  supposed 
to  have  fonned  the  inside  of  haiktones  (^),  belong  to  the 
fables  of  meteorology.  The  aerolites  which  possess  a  fine- 
grained texture,  and  are  composed  of  olivine,  angite,  and 
labradorite  {^),  are,  as  Gostav  Rose  has  shewn,  the  only 
ernes  which  have  a  telluric  ^peaiance;  for  example,  the 
aerolite  reeanUing  dolorite,  fonnd  at  Javenas,  in  the  J)i- 
partement  de  I'ArdSche.  Higr  contain,  in  fact,  crystalline 
substances  quite  similar  to  those  of  the  crust  of  the  earth; 
and  in  the  Siberian  mass  of  meteoric  iron,  the  olivine  is 
only  distinguished  by  the  absence  of  nickel,  which  is  there 
replaced  by  oside  of  tin  {•*).  As  meteoric  olivine,  like 
our  basalts,  contains  from  47  to  49  p»  cent,  of  magnesia, 
and  as,' according  to  Berzelius,  olivine  forms  one-half 
of  the  earthy  constituents  in  meteoric  stones,  there  is  no 
reason  to  be  surprised  at  the  large  proportion  of  silicate  of 
magnesia  which  we  find  in  tJiese  coamical  masses.  Since 
the  aerolite  of  Juvenas  contains  distinct  crystals  of  augite 
and  labradorite,  the  numerical  proportions  of  the  constituents 
render  it  at  least  probable,  tliat  the  meteoric  masses  qf 
Oiilieaa  Bdnard  are  examples  of  diorite  composed  of  horn- 
blende and  albite,  and  that  those  of  Elansko  and  Chatonnay 
are  combinations  of  hornblende  and  labradorite.  The  proof 
which  has  been  supposed  to  be  furnished,  by  the  minera- 
l(^c!il  resemblances  jost  alluded  to,  of  a  telltirie  or  atmo- 
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epheric  ori^n  of  aerolites,  do  not  oppetuf  to  nte  to  liare 
nrnch  force.  I  would  liere  refer  to  a  remarkable  conversation 
which  took  place  between  Kewton  and  Condoit  at  Keo- 
flington{*')j  and  ask,  why  shonld  not  the  substances  be- 
longing to  one  group  of  cosmical  bodies,  or  to  one  planetary 
system,  be  for  the  moat  jart  the  same  ?  Why  should  it 
not  be  so,  if  we  permit  ourselves  to  surmise  that  the 
planets,  and  all  the  spheioidsl  masses  which  revtdve 
around  the  sun,  have  been  formed  by  tlie  gradual  condensa- 
tion of  revolving  rings  of  gaseous  mntt«r,  separated  &om  the 
once  more  extended  solar  atmosphere  ?  We  are,  it  seems 
to  me,  no  more  entitled  to  call  nickd  and  iron,  olivine  and 
augite,  which  we  find  in  meteoric  stones,  exclusively  terres> 
trial  substances,  than  I  should  be  to  call  plants  which  grow 
wild  in  Germany,  and  which  I  might  also  meet  with  beyond 
the  Oby,  "  European  speciea  of  the  flora  of  Nortliem  Asia." 
If,  in  a  group  of  cosmical  bodies,  the  elementary  substances  are 
tile  same,  why  should  they  not  form  determinate  compound 
in  accordance  with  their  mutual  affinities  and  attractions,  as 
in  the  polar  regions  of  Mars  resplendent  domes  of  snow  and 
ice,  and  in  other  smaller  cosmical  masses,  mineral  aggrega- 
tions, coataining  crystals  of  ohvine,  augite,  and  labradorite  ? 
Ev^  in  the  field  of  what  most  necessarily  be  conjecture,  its 
course  must  not  be  arhitraty,  <a  irrespective  of  induction. 

Extraordinary  obscurations  of  the  sun's  disk  have  occa- 
donally  takcai  place,  so  that  stars  have  been  seen  even  at 
midday.  A  phesnomenon  of  this  nature,  not  to  be  explmned 
by  a  cloud  of  volcanic  ashes,  or  by  a  fog  of  unusual  elevation, 
occurred  in  1347,  at  the  period  ctf  the  eventful  battle  near 
Hiihlbe^  and  continued  during  three  entire  days.  They  were 
attributed  by  Kepler,  at  one  time  to  a  "  materia  cometics,  * 
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and  at  another  to  a  black  doad  prodiiced  by  sootjr  eshelatioiis 
Irom  the  aokr  oth.  Obscuratioiis  of  less  duration,  which  took 
place  in  1090  and  1203,  and  lasted,  one  for  three,  and  the 
other  for  six  hours,  were  aacrihed  bj  Chladni  and  Schnurrer 
to  the  intervention  of  meteoric  masses.  Since  the  common 
direction  of  theii  paths  has  led  at  to  regard  the  fltreuns  of 
shooting  stars  as  forming  a  continuous  rii^  the  epochs  of 
^et  tmexplflined  celestial  pluenomena  have  been  brought  into 
remnrkable  connection  with  the  regnlarl;  recurring  epochs 
of  the  meteoric  displaj^.  Adolph  Erman,  with  much  acute- 
nesB,  and  after  a  careful  analysis  of  all  the  facts  hitherto 
collected,  has  called  attention  in  this  respect  to  the  times  of 
conjunction  with  the  sun  of  the  Ai^ust  asteroids  (the  Hh 
of  February),  and  of  the  November  asteroids  (the  ISth  of 
May) ;  and  has  pointed  oat  a  remarkable  coincidence 
between  the  conjunction  of  the  November  asteroids,  and 
the  celebrated  cold  dayt  of  the  Stuuts  Mamertns,  Fan- 
cratius,  laid  Servatios  ("). 

livi  Greek  natural  philosophers,  general^  little  disposed 
to  observation,  but  most  persevering  and  inexhaustible  in 
conjectural  interpretations  of  half-perceived  facta,  have  left 
on  record  speculations  respecting  shooting  stats  and  me- 
teoric stones,  which  greatly  resemble  some  of  the  views  of  the 
cosmical  nature  of  these  pluenomena  now  commonly  received. 
"  Shooting  stars,"  says  Plutarch  (^'),  in  the  Life  of  Lysander, 
"according  to  some  naturalists,  are  not  ^sanations  from 
the  ethereal  fiie,  which  become  extinguished  in  the  wi 
immediately  after  being  kindled ;  nor  are  they  an  ignition 
and  combustion  of  air  which  may  have  been  dissolved  in 
quantity  in  the  upper  region;  they  are  rather  celeatial 
bodies  which  Ml  in  consequence  of  an  interruption  of  the 
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general  force  of  rotation,  and  are  piecipilflted  not  only  upon 
inhabited  coontries,  but  also  beyond  them  in  tbe  ocean,  so 
that  thej  are  not  fbnnd."  Diogenes  of  ApoHonia  (^)  coc- 
presses  himadf  still  more  dearly.  According  to  him, 
"together  with  the  visible  stars  there  move  other  in- 
visible ones,  which  are  therefore  without  names.  These 
not  nn&equently  fall  to  the  earth  and  become  tsitinguishedj 
like  the  star  of  stone  which  fell  in  flames  at  .^^s  Potwnos." 
The  ApoUonian,  who  r^rded  all  other  stars  (i.  e,  the 
lominous  ones)  as  pumice-blie  bodies,  probably  founded  his 
opinion  respedii^  shootiDg  stars  and  meteoric  stones  on 
the  doctrine  of  Anaxagoras  of  dassomene,  who  imagined  tH 
celestial  bodies  to  be  mineral  masses  which  the  fiery  ether 
in  its  impetuous  course  had  torn  firom  the  eaith,  inflamed, 
and  converted  into  stars.  The  Ionic  school,  therefore, 
with  Diogenes  of  Apollonia,  placed  aerolites,  and  stars  or 
heavenly  bodies,  in  one  and  the  same  dass :  both,  indeed, 
were  alike  regarded  as  of  tellutic  origin,  bat  ibis  was  m  the 
view  of  all  having  been  once  formed  from  the  earth,  and  ' 
having  taken  tfieir  places  round  her  as  »  central  body  (W)  ; 
precisely  as,  according  to  modem  ideas,  the  planets  of  a 
BjTstem  are  conceived  to  have  been  formed  around  the  cen- 
tral body  or  son,  and  from  its  once  extended  atmosphere.  ItOB 
view  is  not,  therefore,  to  be  confounded  with  that  nsnal^ 
implied  in  what  is  called  the  tellurio  or  atmospheric  origin 
of  meteoric  stones ;  or  with  the  extraordinary  notion  of 
Aristotle,  who  supposed  the  enormous  mass  of  ^gos  Fota- 
mos  to  have  been  carried  up  by  a  tempestuous  wind. 

A  presumptuous  scepticism,  which  rejects  bets  without 
vzamination  of  their  truth,  is  in  some  respects  even  mors 
injurious  than  an  nnquestioniug  credulity  j  it  is  the  tendency 
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of  both  to  impede  accanie  investigation.  Altboagh  for 
opwards  of  two  thousand  years  the  annals  of  diffsent  na- 
tions had  told  of  falls  of  stonee,  and  in  many  instancea  snch 
£alls  had  been  placed  be^nd  doubt  by  the  testimony  of  im- 
pioachable  witnesses  j  atthongh  the  Btetylia  fonned  an 
important  pari,  of  the  metew  worship  of  the  ancients,  and 
the  companions  of  Cortes  saw  at  Cholnla  the  aerolite  whidi 
had  Mien  on  the  nei^bonring  pyrapid ;  although  Caliphs 
and  Mongolian  princes  had  had  swords  fo^ed  of  fresh-fiillen 
meteoric  stones ;  and  even  although  human  beings  had  been 
killed  by  stones  in  theii  descent  (a  friar  at  Crema,  ia 
1511 ;  a  monk  at  Milan,  1650 ;  and  two  Swedish  sailors 
On  board  a  shi|>  jn  1674) ;  y^  until  the  time  of  Chladni, 
who  had  already  earned  an  imperishable  renown  in  physics 
by  the  discovery  of  the  qoiescent  lines  shown  by  his  figure 
r^ffesraitatioDS  of  sonnd,  this  great  cosmical  phssnomenon 
remained  almost  unheeded,  and  its  intimate  connedioa  with 
the  rest  of  the  planetaty  systaoi  unknown.  'Hiose  who  ase 
persuaded  of  this  coDnection,  if  susceptible  of  emotions  of 
awe  &om  the  impressions  of  nature,  will  be  strongly  moved 
to  thonghtfnl  contemplatioii,  not  only  by  the  spectacle  of 
tlie  brilliant  pluenomenon  of  meteoric  showos  at  the  August 
at  November  periods,  but  also  whenever  they  behold 
a  solitary  falling  star  shoot  across  the  sky.  The  pro* 
fiaund  repose  of  night  is  suddenly  interrupted,  and  life 
and  motion  momentarily  break  the  tranquil  splendour 
of  the  firmament.  The  spectator  sees  in  the  glimmeriug 
light  which  marks  the  track  of  the  &lling  star  the 
.visible  delineation  of  a  portion  of  its  orbit ;  and  ^« 
burning  asteroid  brings  to  his  mind  the  existence  of  matter 
pervading  universal  space.     When  we  compare  the  volumt 
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of  the  itinermost  of  Satnni's  satellites,  or  of  Ceres,  with  the 
enormous  volame  of  the  Sun,  the  relatioiis  of  great  &nd 
small  disap[>e!ir  to  oar  imagination.  The  sudden  bluzing 
up  and  subsequent  extinction  of  stars  in  Gassiopea,  Cygnns, 
and  Ophiucus,  have  already  led  to  the  admission  of  the 
possible  ex)8t«nce  of  non-lominous  cosmicsl  bodies.  Con- 
densed in  smaller  masses,  the  asteroids  -revolve  around 
the  enn,  intersect  like  comets  the  paths  of  the  great 
Inminous  planets,  and  become  ignited  when  thc^  enter  or 
when  &ej  approach  the  ont^rmoat  strata  of  our  atmosphere. 
Onr  interconrse  with  all  other  coemical  bodies — with  all 
nature  beyond  the  limits  of  oor  own  atmosphere — ^is,  excla- 
arely,  either  through  the  medium  of  light,  and  of  radiant 
heat  intimately  nnit«d  with  light  (^),  or  through  tUe 
mysterioua  force  of  attraction  exerted  bj  remote  bodies,  ac- 
cording to  the  meaaure  of  their  distance  and  their  mass,  on 
onr  globe,  its  ocean,  and  its  atmosphere.  But  if  in  shooting 
etats  and  meteoric  stones  we  recognise  planetary  asteroids, 
we  are  enabled  by  their  fall  to  enter  into  a  wholly  different, 
and  more  properly  material,  relationship  with  cosmical  objects. 
Here  we  no  longer  consider  bodies  acting  npon  as  exclu- 
nvely  from  a  distance,  by  exciting  nndnlatory  vibrations  of 
light  or  heat,  or  by  causing,  or  themselves  nndeigoing,  mo- 
tion by  tlie  influence  of  gravitation ;  but  we  have  actually 
present  the  material  particles  themselves,  which  have 
come  to  us  from  the  regions  of  space,  have  descended 
through  our  atmosphere,  and  remain  upon  the  earth.  A. 
meteoric  stone  affords  ns  the  only  possible  contact  with  a 
substance  foreign  to  onr  planet  Accustomed  to  know  non- 
telluric  bodies  solely  by  measurement,  by  calculation,  and 
by  the  inferences  of  our  reason,  it  is  with  a  kind  of  a8t»< 
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oishment  that  ve  tqnch,  weighs  and  anal^  a  sabatance 
^pertaining  to  tlie  world  without ;  the  im^inatioa  is  sti- 
mulated, and  the  intellect  aionsed  sad  animated  by  a  spec- 
tacle, in  whieh  ihe  uncultirated  mind  sees  only  a  train  of 
&ding  sparbi  in  the  clear  a\j,  and  apprehends  in  the  black 
stone  which  falls  from  the  thundering  cloud  only  the  rude 
product  of  some  wild  force  of  nature. 

If  the  asteroids,  on  the  description  of  which  I  have  lin- 
gered with  pleasure,  may  seem  in  some  d^ree  to  resemble 
comets  bj  the  smallneas  of  their  mass  and  the  variety  of  thm . 
paths,  they  differ  essentially  from  tiiose  bodies  in  beiug  visible 
to  us  only  at  the  instant  of  their  destruction,  or  when, 
arrested  by  the  earth,  thff^  become  luminous  by  ignition. 

To  complete  our  view  of  all  tliat  bdongs  to  the 
8olar  system,  which  since  the  discovery  of  the  smaU 
planets,  of  the  cometa  of  short  period,  and  of  the  meteoric 
asteroids,  appears  so  complex  and  so  rich  in  forms,  we 
have  yet  to  consider  the  Zodiacal  Light,  to  which 
allusion  has  already  been  made.  Those  who  have  dwelt 
long  in  the  zone  of  Palms,  must  retain  a  pleasing  re- 
membrance of  the  mild  radiance  of  this  phtenomenon, 
which  rising  pyramidally,  iUumines  a  portion  of  the  un- 
varying length  of  the  tropicsJ  nights.  I  have  seen  it 
occasionally  shine  with  a  brightness  greater  than  that  of  the 
Milky  Way  near  the  constellation  of  Sagittarins ;  and  this 
not  only  in  the  dry  and  highly  rarefied  atmosphere  of  the 
^summits  of  the  Andes,  at  elevations  of  thirteen  to  fifteen 
tbonsand  feet,  hut  also  in  tlie  boundless  grassy  plains  or 
llanos  of  Venezuela,  and  on  the  sea-coast  under  the  ever 
dear  sky  of  Cumana.  The  pluenomenon  is  one  of  peculiar 
VOL.  I.  L 
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beauty  when  a  smaU  fieecy  doad  ia  projected  againat  tbe 
Zodiacal  light,  luid  detaches  itself  pictuiesqaely  horn  tha 
iUuimiiated  back-ground.  A  pass^e  ia  mj  jonraal  dnring 
a  voyage  from  Lima  to  the  Wert  Coast  of  Mexico,  notices 
such,  a  picture.  "For  the  last  three  or  (our  nights  (be- 
tween 10°  and  14°  of  North  latitude),  the  Zodiacal  lighi 
has  appeared  with  a  mi^mficence  which  I  have  never  before 
seen.  Judging  also  from  the  brightness  of  the  stars 
and  nebulfCj  the  transparency  of  the  atmosphere  in  tbia 
part  of  the  Pacific  most  be  eztrranely  great,  From 
tbe  14tb  to  tbe  Idth  of  March,  during  a  very  regular  in- 
terval of  three-quarters  of  an  hour  after  the  disk  of  the  sun 
had  sunk  below  the  horizon,  no  trace  of  Ibe  Zodiacal  light 
could  be  seen,  although  the  nigbt  was  perfectly  duk ;  bat 
aa  hour  after  sunset  it  became  suddenly  visible,  extending 
in  great  brightness  tmd  beauty  between  Aldebaran  and  the 
Pleiades,  and,  on  the  18th  of  Miux;h,  attaining  an  altitade 
of  S9°  5'.  Long  narrow  clouds,  scattered  over  the  lovdy 
azure  of  the  aky,  appeared  low  down  in  the  hoiizon,  as  if  in 
front  of  a  golden  curtain,  while  bright  varied  trnts  played 
from  time  to  time  on  the  higher  douds  :  it  seemed  a  second 
sunset.  Towards  that  aide  of  the  heavens  the  diffused  light 
appeared  almost  to  equal  that  of  the  moon  in  her  first 
quarter.  Towards  t«n  o'clock,  in  this  part  of  the  Pacific, 
the  Zodiacal  light  usually  becomes  veiy  faint,  and  at  mid- 
nigbt  I  could  see  only  a  trace  of  it  ranaining.  On  the 
16th  of  March,  when  its  brightness  was  greatest,  a  mild 
reflected  glow  was  visible  in  the  east."  In  the  obscurer 
sky  and  thicker  atmosphere  of  our  so-caUed  temperate  zone, 
the  Zodiacal  light  is  only  distinctly  visible  in  the  beginning 
of  spring,  when  it  may  be  sees  after  evening  twilight  abovo 
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the  westfiin  Lorizon,  mid  nt  ttie  raid  of  aatmnn,  before  the 
ctmuQencement   of  morning  twilight,   above   the  eastern 


It  is  diflicaU  to  nnderstend  how  to  atrikiag  b  natural 
phienommon  could  have  Mlei  to  attract  the  atteatioii  of 
astronomers  and  phjsica]  philosophers  before  the  middle  of 
the  seventeenth  century,  or  how  it  should  liave  escaped  the 
observant  Arabs  in  ancient  Bactria,  on  the  Eiq>hrat«s,  and 
in  Southern  Sptuu.  W&  are  almost  equally  surprised  at  the 
late  period  at  which  the  nebulte  in  Audromeda  and  Orion, 
first  described  bj  Simon  Manns  and  Huygens,  were  oV 
served.  The  earliest  distinct  description  of  the  Zodiacal 
light  is  contained  in  Ghildr^sBritamiiaBaconica(9i),  of  the 
year  X661 ;  ita  first  observation  may  have  been  two  or  three 
years  earlier.  Dominic  Cassini  has,  however,  incontestably 
the  merit  of  having  been  the  first  (in  1683)  who  investi. 
gated  its  relations  in  space.  The  luminous  appearance 
which  was  seen  by  him  in  1668  at  Bologna,  and  at  the  same 
tbne  in  Persia  by  the  celebrated  traveller  Chardin  (and 
which  the  Court  astrologers  of  Ispaha&j  who  had  never  seen 
it  before,  named  " nfzek"  or  "small  lance"),  was  not, 
as  has  often  been  said,  the  Zodiacal  light,  but  the  enormous 
tail  of  a  comet  (w),  the  head  of  which  was  concealed  by  its 
proximity  to  the  horizon,  and  which,  in  its  position  and 
appearance,  presented  many  points  of  resemblance  to  the 
great  comet  of  1843.  But  it  may  be  conjectured  with 
much  probabihty,  that  the  remarkable  light  rising  pyrami- 
dfdly  from  the  earth,  which,  in  1509,  was  seen  m  the 
eastern  part  of  the  sky  for  forty  nights  in  succession  from 
the  high  table  land  of  Mexico  (and  wlui^i  I  found  men- 
tioned in  an  ancient  Aztec   manuscript,    in  the  Codei 
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Telleriano-Kemeisia  (*^),  in  the  Royal  Library  at  Paris),  was 
the  Zodiacal  light, 

ITiis  plueaonienon,  doubtless  of  primeval  antiquity,  bnt 
first  disBovered .  in  Europe  by  Chiidrey  and  Dominic 
Caasini,  is  not  the  luminous  atmosphere  of  the  sun 
itself,  which,  according  to  the  laws  of  mechanics,  cannot  be 
mote  oblate  thau  in  the  ratio  of  'S : .  3,  and  could  not  there- 
fore extend  to  a  greater  distance  than  nine -twentieths  of  the 
distance  of  Mercury  from  the  Sun,  The  same  laws  deter- 
mine that  the  height  of  the  extreme  limit  of  the  atmffspbere 
of  a  rotating  cosmical  body  above  its  equator,  or  the  point 
at  which  gravity  and  the  centri&gal  force  are  in  equili- 
brium, can  only  be  that  at  which  a  satellite  would  complete 
its  revolntioii  in  the  same  time  that  the  central  body  rbtatea 
around  ita  own  axis  (^).  This  restrictecl,  limit  of  the 
solar  atmosphere,  in  its  present  concentrated  condition, 
is  partienlarly  striking  when  we  compare'  the  central 
body  of  opi  system  with  the  nflcleus  of  other  nebulous 
stars.  Herschel  discovered  several  in  which  the  senn- 
diameter  of  the  nebula  surrounding  the  star  subtends  an 
angle  of  1^0",  Assufning  a  pandlax  of  not  quite  one 
second,  we  find  the  outermost  nebulous 'stratum  of  sacb 
a  star  to  be  150  times  farther  from  its  center  tlian  the  dis- 
tance of  the  Earth  from  the  San.  If,  therefore,  such  a 
nebulous  star  was  in  the  place  of  our  Sun,  its  atmosphere 
would  not  only  include  the  orbit  of  Uranus,  but  would  ex- 
tend eight  times  as  far  {®'). 

The  solar  atmosphere  being  thus  limited  in  extent,  we 
may  with  great  <  probability  attribute  the  Zodiacal  light  to 
the  existence  of  an  extremely  oblate  ring  (9^)  of  nebulous  mat- 
ter, revolving  freely  in  space  between  the  orbits  of  Veirns 
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md  Mara.  We  can,  indeed;  at  present,  farm  no  cert^n 
judgment  coBceming  the  trae  dimeRsiona  of  the  supposed 
ring ;  its  possible  augmenUtian  (^)  b;  emaDIitions  from  the 
tails  of  many  miUions  of  cometa  when  |t  their  perihdia;  the 
nngular  variability  of  its  extension  (which  seems  Eometimes 
i^t  to  exceed  that  of  oar  own  orbit) ; .  or  concesning  its  not 
improbbble  intimate  ctmnection  witii  the  ibore  condensed 
ooamical  vapoor  in  the  vicinity  of  the  Sun.  The  nebulous 
particles  of  which  the  ring  consiata,  and  which  revolve 
around  the  Sun  according  to  the  same  laws  as  the  pllineta, 
may  either  be  self-huninous,  or  may  reflect  the  Kght  of  the 
Sou.  Th«  first  Bupposilion  is  not  inadmiasible;  even  a 
terrestrial '  fog  (tnd  it  is  a  very  reoiarkable  foot),  shewed 
itself  in  1749,  at  the  time  of  the  new  moon  and  in  the 
middle  of  the  night,  so  phosphorescent,  that  objeois  could 
be  distinctly  recognised  at  »  distance  of  above  600  feet(9*). 
In  the  tropical  regiona  of  South  America,  I  have  aoioe- 
times  observed  with  astonishment  the  variations  in  in< 
tensity  of  the  Zodiacal  U^t.  Having  passed  the  nights 
daring  several  months  in  -  the  open  air  and  under  a 
serene  sky,  on  the  banks  of  the  great  rivers  or  in  the  midst 
of  the  wide  grassy  plaim  or  llanos,  I  had  fl«quent  oppor- 
tunities of  carefully  observing  Hie  phenomenon.  Some- 
limes  in  a  few  minuted  after  the  Zodiacal  l%ht  had  been  at 
the  atroDgest,  it  would  become  sensibly  weakened,  then 
suddenly  reappear  in  full  brilliancy.  In  a  few  instances  I 
thought  that  I  perceived, — not  indeed  a  tinge  of  red  cdoar, 
or  a  dark  arch  beneath,  or,  as.  Mairan  describes,  a  'jet 
of  sparka, — but  an  undulatory  motion  of  tiie  light.  Are 
there,  then,  processes  going  on  in  the  nebulous  ring 
itself  P  or  is  it  not  more  probable  that, — though  near  the 


132  CELESTIAL  THJINOJIBNA 

ground,  ani  in  the  lower  part  of  the  atmosphere,  I  could 
detect  no  changes  of  temperature  or  moistuie  bj  the  me- 
teorological instruments,— and  even  thongh  small  stars  of 
the  fifth  and  sixth  m^nitude  appeared,  still  to  shine  with 
undiminished  and  equable  light, — condensations  vere  tak- 
ing place  in  the  higher  regions  of  the  atmosphere,  which 
modified  tlie  transparency  of  the  air,  or  rath^  its  refiectang 
power,  in  some  peculiar  and  to  us  unknown  nuomer  f  TheaB- 
snmption  of  such  meteorological  processes  near  the  limiti 
of  our  atmosphere  is  favoured  by '  obserrations  nia^e  by 
the  acute  Olb^  {^),  "of  sudden  flashiogs  and  puUatims 
which,  in  the  course  of  a  few  seconds,  vibrate  Muoughont 
the  whole  of  a  comef  s  tail,  which  is  seen  itt  the  same  time 
to  lengthen  several  degrees,  and  ^ain  to  contract.    As  the 
different  portions  of  a  comet's  tail,  which  is  millions  of 
miles  in  length,  are  at  very  unequal  distfuices    &om  the 
Earth,  it  is  not  possible,  aocording  to  the  laws  of  the  vdocity 
and  propagaiton  of  light,  that  actoal  alterations  in  a  cosmical 
bo^  filling  so  immense  a  space,  should  be  seen  by  ua  to  - 
take  place  in  such  short  intervals  of  time."    These  considera- 
tions by  no  means  esdude  the  reality  of  ^triable  emula- 
tions tuound  tiiB  denser  envelopes  of  the  nucleus  of  a  otnnet, 
or  of  sudden  brightenings  of  the  Zodiacal  hght  from  intemai 
molecular  movements,  or  of  changes  due  to  variations  in 
tiie  hght  reflected  by  the  nebulous  matter  of  which  the  ring 
is  composed;   but  they  should  make  us  careful  to  distin- 
guish between  effects  which  should  be  referred  to  the  co^ 
mical  ether  and  to  the  regions  of  space,  and  those  which  aro 
referrihle  to  the  terrestrial  atmospheric  strata  through  which 
the  bodies  existing  in  space  are  beheld  by  us.    There  ate 
well  observed  facts,  which  ahew  m  that  we  are  not  able  to 
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explain  conipletf^j  all  that  takes  place  at  tiie  imcertaiii  sai 
macli  contested  limit  of  our  atmoapliere.  The  wonderfol 
lightness  of  whole  nights  in  the  year  1S31,  in  which,  in  the 
latitudes  of  lUij  and  Northern  Gennany,  small  print  coold 
be  read  at  midnight,  i^peara  i»  manifest  contradiction  to  all 
tJiat  we  learn  (">")  from  the  most  recent  and  exact  teseaiches 
(m  the  themy  of  twilight,  and  on  the  height  of  the  atmo- 
sphere. Th.e  phtenomena  of  light  which  astonish  us  in  the 
variabilis  of  the  crepnscular  limits,  and  in  the  chaiiges  in 
the  Zodiacal  light,  mnat  be  dependent  on  condidons  which 
have  not  yet  been  snccesafully  investigated. 

Thus  far  we  have  been  ocmpied  in  considering  tiie 
world  of  forms  governed  b;  ottr  Snn,  or  the  solar 
eytAeoi ;  comprising  planets,  satellites,  comets  of  shorter  or 
longer  periods  of  levolution,  meteoric  cisteroidji  moving  either 
sporadically,  or  in  crowded  streams  in  continnoos  rings, 
and,  fijiaUj,  a  Inminons  neboloos  ring,  revolving  round  the 
enn  near  the  orbit  of  the  earth,  and  for  which,  from  if* 
position,  the  name  of  Zodiacal  b'ght  aaj  be  retained.  In 
the  movements  <^  all,  the  law  of  peiiodie  return  everywhere 
{vevails.  however  diffowiit  may  be  the  measure  of  velocity, 
oi  the  quantity  of  tlie  aggregated  particles :  the  asteroids 
nlone,  as  tbey  enter  our  sdmosphere  from  the  regions  of ' 
apace,  have  their  plauetsiy  revolution  checked,  and  are  them- 
selves united  to  the  lai^r  phmet.  In  that  immense  systcan, 
of  which  the  Umits  are  determined  by  the  force  of  attraction 
of  the  central  body,  comets  return  in  their  elliptic  orbita 
from  distances  equal  t«  forty-ionr  dongations  of  Uranus ; — 
nay,  in  those  very  comets  in  which  the  nucleus,  from  the 
smallnesB  of  its  mass,  appears  to  us  but  as  a  cosmic  cloud, 
it  yet  retains  by  ita  attraction  the  most  remote  particles 
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of  the  tail,  whioh  streams  from  it  to  a  distfuice  of  manj 
millions  of  miles.  ITios  the  central  forces  are  the  mama 
taining  as  well  as  the  constituent  forces  of  the  system . 

Our  Sim,  viewed  in  relation  to  all  the  bodies  so  various 
in  m^nitudc  and  density  which  revolve  around  it,  may  be 
regarded  as  at  rest,  although  it  revolves  around  the  commoQ 
eenter  of  gravity  of  the  whole  system,  which  center,  in  conse- 
quence of  the  varying  position  of  the  planets,  falls  sometimes 
within  and  sometimes  without  the  body  of  the  Sun  itself.  Alto- 
gether distinct  in  its  nature  is  the  movement  of  translation  of 
the  Sun, — the  progressive  motion  of  the  center  of  gravity  of 
the  whole  solar  system  in  universal  space, — which  is  supposed 
to  take  place  with  snch  prodigious  velocity,  that,  aticording 
to  BessdC**'),  the  relative  motion  of  the  Sun  and  the  star 
61  Cygni  amounts,  in  a  single  day,  to  no  less  than  3336000 
miles.  We  should  be  unconscious  of  the  change  of  place 
of  the  solar  system,  were  it  not  that,  by  the  perfection  of 
our  astronomical  instruments,  and  by  improved  methods 
of  observation,  we  are  enabled  to  note  our  progress  by  refe- 
rence to  distant  stars, — as  in  a  vessel  we  estimate  its  speed 
by  the  appairait  motion  of  objects  on  shore.  The  proper 
motion  of  61  Gyghi  is,  nevertheless,  so  considerable,  as  to 
produce  a  displacement  of  a  whole  d^ree  in  700  years. 

We  can  measure  the  amount  of  changes  in  the  rdative 
positions  of  the  stars  to  one  another, — in  their  proper 
motions  as  these  changes  are  called, — with  fa*  grealer 
certainty  than  we  can  explain  theii  cause.  After  de- 
ducting all  that  depends  on  the  precession  of  the  equi- 
noxes, and  the  nutation  of  the  Earth's  axis  consequent 
,  upon  the  influence  of  the  Sun  and  Moon  on  the  sphe- 
roidal  form    of  the    earth,  -all  that  results   &om  the 
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propagBtion  and  aberration  of  light,  or  from  the  piu«UaK 
produced  by  the  opposite  positioiu  of  the  Earth  in 
its  orbit  round  ibe  Sun, — we  find  a  residual  aimml 
motion  of  the  fixed  stan,  which  indndea  both  the  traiu- 
lalioii  of  ihe  whole  solar  system  in  space,  and  the  actual 
proper  motions  of  the  stars  themselves.  The  very 
difficult  nomerical  separation  of  these  two  elements  has 
been  rendered  possible,  by  a  careful  specification  of  tho 
directions  in  which  tiie  movements  of  the  difTcrent  stars 
take  plac^  and  by  the  confdderation  that,  if  they  were  all 
absolutely  at  rest,  they  would  appear  perspectively  to  recede 
from  the  point  towards  which  the  Sun^  course  is  di- 
KCted.  The  result  of  the  investigattoo,  confirmed  by  iha 
theory  of  probabilities,  is,  that  both  our  solar  system  and 
ibe  stars  are  changing  t^ir  place  in  space.  It  i4)peBTs 
from  the  admirable  investigations  of  A^elander  C"^),  (who 
has  been  engaged  at  Abo  in  ^tending,  and  in  canying  to 
mud)  greater  perfection,  the  work  commenced  by  William 
Herschel  and  Frevmt,)  that  tite  Sun  is  moving  towards  the 
consteUation  of  Hercules,  and  very  probably  towards  • 
point  wMchf  from  a  combination  of  the  observations  of 
637  stars,  was  situated  (equinox  of  1792-5)  in  257°  49'*7 
Bight  Asceosiou,  fuid  in  28°  49'7  Nortli  Dedination.  In 
this  delicate  investigation  there  is  still  great  difScuHy  in 
separating  the  absolute  from  the  relative  motion,  and  in 
ddmnining  what  portion  belongs  to  &e  solar  system  only. 
If  we  consider  tiie  proper  motions  of  stars,  as  contra* 
distinguished  from  their  apparent  or  perspective  motions, 
their  directions  are  various  and  even  opposite  in  different 
groups  J  it  is  not,  therefore,  a  necessary  condnsion,  either 
that  all  parts  of  our  astral  system,  or  that  aD  the  systems 
which  fill  univeisal  space,  revolve  around  one  great  nndia- 
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oovered  Inmiaous  or  pon-luminona  ceatfal  body^,  howeror 
naturally  we  may  be  disposed  to  an  inference  whidi  wonld 
gratify  alike  the  imaginstive  faculty,  and  that  inteiUectiui 
activity  wliich  ever  seeks  after  tbe  last  and  highest  genendisa- 
tion.  Even  the  Stagititfl  has  said,  "All  that  moves  leads 
'  \Li  bacic  to  the  cause  of  the  motion  which  we  poxxive ;  and 
it  ivould  be  but  «n  eudle^  derivation  of  caosea,  were  there 
not  a  primary  mover  itself  at  rest{'"')." 

Amongst  the  manifotd  changes  of  place  of  stars  in  gronps, 
not  occasioued  by  paraUax  depending  on  the  place  of 
the  observer,  but  actual  changes  taking  place  progressively 
and  nnintermpt^dly  in  space,  we  have  revealed  to  us  in 
the  moat  incontestable  manner  by  one  plieenomeuon, — ^th6 
orbital  movements  of  double  stars,  and  their  va^itAle 
motion  in  different  parts  of  their  elliptical  orbits, — ^the 
dominion  of  the  laws  of  gravitation,  extending  far  beyond 
the  limits  of  our  solai  system,  even  to  the  remotest  regions 
of  creation.  On  this  subject  man's  desire  of  knowledge  need 
no  longer  rest  on  vague  conjecture,  or  seek  aatisEaotion  ui 
the  boundless  bat  uncertain  field  of  analogy,  for  here  aim 
the  progress  of  astronomical  observation  and  calculation  has 
at  length  placed  us  on  firm  ground.  It  is  not  so  much  the 
aatonifttung  number  already  discovered  of  double  oi  multiple) 
stars  revolving  round  a  common  cent^  of  gravity 
(a  number  which,  in  1837,  amounted  to  2800),  ne  it 
is  the  extenston  of  our  knowledge  of  the  fundamental  forces 
(tfthe  whole  material  vwld, — sad  the  evidence  thus  afforded 
of  tlie  universal  prevalence  of  the  law  of  gravitation, — 
which  exoiteB  our  admiration,  aAd  constitutes  one  of  the 
moet  biillmnt  discoveries  of  our  epoch.  The  time  d 
revolution  of  diffa-cntly- coloured  double  stars  varies  ex- 
ceedingly in  different  instances,  from  48  years  in  q  Coronie, 


DOUBLE  AXD  KULTtPLS  3TAB3.  137 

to  tnaajr  thousands  of  years  in  66  Ceti,  38  Geminornm,  and 
100  FiBcinm.  In  the  triple  system  of  C  Cancri,  the  nearest 
companion  of  the  pnncipel  star  has  aliead;  more  than  accom- 
plished one  entire  lerolntion  since  Herscbel's  measurement  ia 
17SS.  Bj  meam  of  skilftd  combinations  of  the  changes  of 
distance  and  of  kogles  of  position  {•"*),  the  elements  of  the 
aAits  have  been  assigned,  and  conclusions  have  even  been 
drawn  respecting  the  absolute  distance  of  the  doable  ston 
from  the  earth,  and  their  mass  as  compated  with  tJie  mass 
of  the  Siin.  Bat  whether  the  attracting  forces  depend  Boldy 
on  the  qtiaatity  of  matter  in  these  systems  as  in  emiB,  or 
whether  there  maj  not  coexist  irith  gnvitstion  othef  specific 
forces  which  do  not  act  according  to  mass,  is,  as  Bessd  has 
been  the  fint  to  shew,  a  qaeition  of  which  the  solutioit  ia 
reserved  for  later  ages ("*). 

If  we  desire  to  compare  oor  Son  with  others  of  the 
fised  stars  or  seif-luminons  sons,  within  the  lenticular  side- 
Kal  stratom  to  which  we  bdong,  we  find  that  in  the  case  of 
some  of  them  at  least,  th»e  are  methods  hy  which  we  may 
arrive  approximately,  and  within  certain  limits,  at  a  know- 
ledge of  their  dist&nce,  their  volume,  their  mass,  and  the 
Telocity  of  IJieir  motions  in  space.  If  we  take  the 
distance  of  Unuias  from  the  Sun  at  19  times  the  solar  div 
t&nce  of  the  Earth,  then  the  central  body  of  our  system  is 
11900  such  spaces,  or  solar  distances  of  Uianns,  from 
a  Centanri,  31300  from  61  Cygni,  and  41600  &om  a  lyne. 
Tiie  compuison  <^  the  volume  of  the  San  with  the  volume 
(rf  stars  of  the  first  multitude  is  dependent  on  an  optical 
element  which  is  subject  to  ^treme  nncertaanty,  viz.  the 
Apparent  diameter  of  the  fixed  stars.  If,  with  Herschd,  wb 
sssnme  the  apparent  diameter  of  Ajrctaras  even  at  only  the 
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tenth  part  of  a  second,  it  vill  result  that  the  tme  diai 
of  the  star  is  eteren  times  greater  than  that  of  the  Snn(">^]. 
The  distance  of  the  double  star,  61  Cygm,  determined  by 
Bessel.has  led  to  vt  ^)pn)zimate  knowledge  of  the  qoantity  of 
matter  contained  in  it.    Althon^  t^e  portion  of  the  apparent 
path  passed  throngh  b;  the  smaller  star  since  Bradle/s  obser- 
vations ia  not  yet  sni&ciently  huge  to  enable  ns  to  infer  the 
true  path,  and  its  major  semi-axis,   yet  the  great  Konigsberg 
astronomer  ( 10')  considers  it  probable  that  "  the  mass  of  this 
doable  star  is  neither  much  more  nor  much  less  than  half 
the  mass  of  oi^  Sun."     This  result  is  from  actual  measure- 
m^t.     Amdo^es  derived  &om  the  greater  mass  of  those 
planets  of  our  solar  system  which  are  attended  by  sateUitef^ 
and  from  the  &ct  tiiat   Struve  has  observed  Ha  proportion 
of  double  stars  to  be  sis  times  greater  among  the  bright^ 
than  among  the  telescopic  atars,  have  led  other  aatronomets  to 
conjectareC*'^),  that  the  average  mass  of  the  greater  number 
fji  double  stars  exceeds  the  mass  of  the  Sou.    On  this  sab> 
jecty  however,  general  results  are  &r  from  being  yet  attein^le. 
In  respect  to  proper  motion  in  space,  our  Sun  belongs 
according  to  A^;eland»,  to  the  class  of  r^dly  moving  stars. 
The  aspect  of  the  ddereal  heavens,  the  relative  position  of 
stars  and  nebaln,  the  distiibntion  of  the  masses  of  lig^t 
formed  by  them,  tiie  picturesque  beauty,  if  I  may  use  the 
expression,  of  the  whole  firmament,  depend,  in  the  course 
ai  thousands  of  years,  conjointly  on  the  actual  proper  mo- 
taon  in  space  of  stars  and  nebuhe,  on  the  movement  of 
translation  of  oar  solar  system,  on  the  sfipearance  of  nev 
atars,  and  the  extinction  or  diminution  in  intensity  of  the 
light  of  others ;  and  lastiy  and  especially,  on  the  changes 
which  the  Earth's  axis  ondergoes  from  the  attraction  of  the 
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Sun  and  Moon.  The  beantiful  stars  of  the  Ca^oor  ana  d 
the  Sunthem  Cioss,  will  at  some  future  Aey  be  visible  in 
our  northern  latitudes,  whilst  other  stars  (Sirins  and  the 
stars  forming  the  belt  of  Orion)  will  no  longer  appear 
above  tlie  horizon.  The  place  of  the  North  Pole  will  bo 
fluccessivd;  marked  bj  ^  and  a  Cephei,  and  S  Cygni,  untfl 
after  the  lapse  of  12000  years,  when  a  Lyra  will  become 
the  brightest  of  all  posnble  pole  stars.  Iliese  statements 
serve  in  some  degree  to  realise  in  the  mind  the  magnitude 
of  the  movements,  which  proceed  nnintermptedly  in  in£- 
nitely  small  divisiona  of  time  in  tlie  great  Chronometer  of 
the  Universe.  If,  for  a  moment,  we  imagine  the  acut«ness 
of  our  senses  pretematorally heightened  to  the  extreme  limits 
of  telescopic  vision,  and  bring  together  events  separated  l^ 
wide  intervals  of  time,  the  apparent  repose  which  reigns  in 
space  will  suddenly  vanish ;  countless  stars  will  be  seen 
moving  in  groups  in  various  directions  j  nebuhe  wan- 
dering, condensing,  and  dissolving  like  cosmical  clouds ; 
the  milky  way  hretiing  up  in  parts,  and  its  veil  rent 
asunder.  In  every  point  of  the  celestial  vault  we 
should  recognise  the  dominion  of  progressive  movement, 
as  on  the  surface  of  the  earth  where  vegetation  is  con- 
stantly putting  forth  its  leaves  and  buds,  and  unfolding 
its  blossoms.  The  celebrated  Spanish  botanist,  Cavanilles, 
first  conceived  the  possibiHty  of  "  seeing  grass  grow,"  by 
placing  the  horizontal  micrometer  wire  of  a  telescope  with  a 
high  magnifying  power  at  one  time  on  the  point  of  a 
bamboo  ehoot,  and  at  another  on  the  rapidly  unfolding 
flowering  stem  of  an  Amwican  aloe ;  precisely  as  the  astro- 
nomer places  the  cross  of  wires  on  a  culminating  star. 
Throughout  the  whole  life  of  physical  nature — in  the  orgMiic 
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as  in  tite  ddflraal  world— existence,  preaemtion,  prodoo- 
tion,  and  dev dopment,  are  alike  aeaooiated  viih  motion  aa 
their  easenljal  condition. 

The  breaking  np  of  the  MiU^  Way,  l«i  wbidi  I  have 
alluded,  reqaiies  a  more  particular  notice.  "VTiUiam 
Heischel,  our  safe  and  admirable  gnide  in  the  regions 
of  space,  has  fonnd  by  his  Btar-gaugings,  that  the  tele- 
soopio  breadth  of  the  Milky  Way  iB  mx  or  seven  degrees 
wider  than  is  laid  down  in  onr  celestial  maps,  or  than  it 
appeals  to  the  naked  eye  ("") .  The  two  bright  nodes  in  which 
the  two  branches  of  the  zone  nnite,  near  the  constellatiom 
of  Cephena  and  Casaiopea,  and  those  of  Scorpio  and  Sagit- 
tarius, appear  to  exercise  a  powerful  attraction  on  the 
ncaghbonring  stara ;  but  in  the  bri^^test  portion,  between 
/)  and  r  Cygni,  330000  stars  are  fonnd  in  a  breadth  of  5*, 
of  which  half  appear  to  be  idtntcted  tow»ds  one  side,  and 
half  towards  the  other.  It  is  here  that  Herschel  surmises 
that  a  disruption  may  take  placet""). 

The  number  of  distinguishable  telescopic  stars  in  the 
Milky  Way,  apart  from  Debulce,  is  estimated  at  eighteen 
millions.  In  order,  I  will  not  say  to  realise  the  magnitude 
of  this  number,  but  to  compare  it  with  something  analogous, 
I  would  recal  to  the  reader,  that  the  whole  number  of  stan 
ia  the  firmament  from  the  first  to  the  sixth  magnitude, 
visible  to  the  naked  eye,  is  only  about  8000.  In  the  unpro- 
ductive  astonishment  which  ia  excited  by  the  relation  of 
mere  numerical  ralaes,  unconnected  with  applicatifms 
affecting  the  higher  powers  of  the  intellect,  the  imagination, 
or  the  feelings,  the  extremes  in  point  of  dimension  meet; — 
namely,  the  cosmical  bodies  of  the  vast  r^ons  of  space, 
and  tiie  smallest  forms  of  am'mal  existence.    A  cubic  inch  of 
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flie  polisMag  date  of  BQm  contqiiu,  according  to  Ehren- 
bei^  40000  nillJoiu  of  the  eiliceaiu  shells  of  GaUoiieUiBt 

Nearly  at  right  an^ea  to  the  Milky  Way  formed  ot  itan, 
in  which,  as  A^daada  remarks,  brilliant  staa  tn  nun 
munerons  than  in  any  other  put  of  the  hflKrens,  thwe  ia 
another  milky  way  consiBting  of  nebnle.  The  first  of  tbe«^ 
or  the  galaxy  of  atars,  according  to  Sir  John  Herachefa 
views,  forms  around  our  sid^eal  system,  and  at  some  dis- 
tance &om  it,  a  detached  ring  or  zone,  similar  to  the  rii^ 
of  Saturn.  The  situation  of  onr  planetary  ajsttm  is 
eccentric,  nearer  to  the  region  of  the  Gross  than  to  the 
opposite  region,  ^t  of  Gtssiopea(>").  In  a  nebula 
discovered  by  Hessi^,  bnt  which  has  been  only  imper- 
fectly seen,  we  seem  to  diMovei  the  image  of  our  own 
sidereal  system,  and  the  divided  ring  of  onr  Milky  Way 
reflected,  as  it  were,  with  wonderful  similarity  ("'}.  The 
galaxy  of  nebolee  does  not  belong  to  our  sidereal  zone,  bat 
surrounds  it  at  a  vast  distance,  and  without  any  physical 
connection,  passing  almost  ia  a  great  circle  through  the 
nebohe  in  Viigo  (which  are  particularly  namerena  in  the 
ncalhem  wing),  through  the  Coma  Berenicis,  the  Ursa 
Major,  the  girdle  of  Andromeda,  and  the  Northern  Fish. 
It  probably  intersects  the  galaxy  of  stars  in  Cassiopea,  and 
connects  the  poles,  which  are  situated  where  the  thickness 
of  the  stratum  is  least,  and  which  ate  poor  in  stars,  owing 
possibly  to  the  action  of  those  forces  which  have  formed  the 
stars  into  gToapa("']. 

It  follows  from  these  coneadcrations,  that  our  sidereal 
dnster — ^which,  ia  its  projecting  tranches,  ehewa  traces  of 
great  prt^ressive  chuiges  of  form^is  surrounded  by  two 
rings,  one  of  which,  the  Nebulous  Milky  Way,  is  ^eiy 
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remote;  wMe  the  other,  composed  of  stars'  alone,  is 
less  distant,  Tiie  latter  ring,  or  that  to  which  we 
naually  apply  the  term  "Milky  "Way,"  consists  of  stars 
sveraging  &om  the  10th  to  the  11th  degree,  but  ap- 
pe^ng,  when  viewed  singly,  very  various  in  point  of 
magnitude ;  whereas  detached  clusters,  or  groups  of  stars, 
•Imost  always  shew  throughout  great  similari^  in  mag- 
nitude and  brilUancyC'*). 

In  whatever  quarter  the  celestial  vault  has  been  exa- 
mined with  powerful  space-penetrating  telescopes,  either 
stars,  though  it  may  be  only  telescopic  ones  from  the 
twentieth  to  the  twenty-fourth  degree  of  magnitude,  or 
nebuhe,  are  seen.  It  is  probable  that,  with  still  more 
powerful  optical  instruments,  many  of  the  nebulse  would  be 
found  resolvable  into  stars.  The  sensation  of  light,  impressed 
on  the  retina  by  single  isolated  points,  is  less,  as  Arago  has 
recently  shewn,  than  when  the  rays  proceed  from  several 
points  extremely  near  to  each  other  ('i*).  It  is  probable  that 
the  production  of  heat  by  the  condensation  of  the  cosmical 
nebulous  matter,  whether  existing  in  definite  forms,  or 
simply  in  its  general  state  of  distribution,  may  modify  the 
equable  intensity  of  hght,  which,  according  to  Halley  and 
Olbers,  should  arise  &om  every  point  in  the  heavens  being 
occupied  by  an  infinite  series  of  8tars{"').  Observation, 
however,  contradicts  the  hypothesis  of  uniform  distributioi^ 
■hewing  us  instead,  extensive  regions  wholly  devoid  of  stars 
— ''  openings  in  the  heavens,"  as  "William  Hersehel  calls 
them — one  four  degrees  in  width  in  Scorpio,  and  another  in 
Opliincns.  We  £nd  near  the  margin  of  both  these  open- 
ings resolvable  nebulBe,  of  which  the  one  on  the  ^  estem 
cdjre  of  the  opening  in  Scorpio  is  amongst  the  richest  and 
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most  crowded  groups  of  smiill  stars  with  which  the  heavent 
are  adorned.  Herachel,  indeed,  ascribes  to  tlie  attractive 
force  of  these  ma^iual  groups  (*''),  the  starless  open- 
ings themselves  j  of  which  he  says,  in  his  finely  ani- 
mated style,  "  they  8fe  parts  of  oai  sidereal  stratum 
which  have  already  suffered  great  devastation  from  time." 
If  we  consider  the  telescopic  stars,  situated  one  behind 
another,  as  fonmng  &  canopy  of  stars  covering  the 
whole  apparent  celestial  vault,  we  may,  I  think,  regard  the 
starless  portions  of  Scorpio  and  Ophiucus  as  tubes  through 
which  we  look  into  the  remote  r^ons  of  E^ace.  The  strata 
which  form  the  canopy  are  there  interrupted;  other  still 
remoter  stars  may  indeed  lie  beyond,  but  our  instruments 
cannot  reach  them.  The  ancients  had  also  been  led,  by  ^e 
apparition  of  igneous  meteors,  to  the  idea  of  rents  or  chasms 
in  the  canopy  of  the  skies ;  but  tlie  chasms  were  supposed 
to  be  only  transitory,  and,  instead  of  being  dark,  to  be 
bright  and  fiery,  from  afTording  a  glimpse  of  the  burning 
etiier  beyond  ("^).  Serham,  and  even  Huygens,  appeared  not 
indisposed  to  explain,  in  a  somewhat  similar  manner,  the 
tranquil  light  of  the  nebnlce  ("*). 

When  ve  compare  the  stars  of  the  first  m^nitude^ 
which  on  an  average  are  certainly  the  nearest  to 
08^  with  the  non-nebulous  telescopic  stare, — and  the  ne- 
bulous stars  with  unresolvable  nebulce  (for  example,  with 
tJie  nebula  in  Andromeda,  or  even  with  the  so-called 
planetary  nebulte), — and  when  we  thus  enter  on  the  consi- 
deration of  distances  so  diverse  in  the  boundless  regions 
of  space, — there  presses  itself  on  onr  notice  a  feet,  which 
governs  the  relation  of  the  piuenomena  as  perceived  by  xa, 
to  the  realities  which  are  their  actual  basis,  viz.  tlie  sucees' 
tive  propagation  of  light.  The  velocity  of  this  propagation, 
VOL.  i  u 
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according  to  Strave^B  moat  recent  inveatigations,  is  166072 
geographical  miles  ia  a  second — a  veloclff  almoat  a  million 
timea  greater  than  that  of  sound.  From  all  that  we  learn 
Crom  the  measniements  of  Madear,  Beasel,  and  Strave 
of  the  parallaxes  and  distances  of  three  fixed  stars  of 
Y&ty  different  magnitudea,  a  Centauri,  61  Cjgni,  and 
m  Lyrse,  a  ray  of  light  from  each  of  these  three  bodies 
requires  respedarely  3,  9^,  and  12  years,  to  reach  the 
Earth.  In  the  short  but  memorable  period  between  1572 
and  1604,  from  the  time  of  Cornelius  Qemma  and  Tycho 
Brahe  to  that  of  Kepler,  three  new  stars  suddenly  appeared 
in  the  constellations  of  Gassiopea,  Gyguns,  and  in  the  foot 
of  Ophiocns.  A  similar  pluenomenon  shewed  itself  in 
the  conBteUation  of  Yulpis,  in  1670,  but  in  this  case 
the  light  of  the  new  star  was  intermitting.  In  very 
modem  timea.  Sir  John  Herschd,  at  the  Cape  of  Good 
Hope,  saw  the  star  »  Argus  iacreaee  in  brightness  from  the 
second  to  the  first  magnitude  ('^) ,  But  such  events  or  occnr- 
reucea  in  the  vast  regions  of  cosmical  space  belong,  in  their 
historic  reality,  to  other  epochs  than  those  at  which  the 
pheenomena  of  light  first  reveal  them  to  the  inhahitants  of 
the  Earth ;  ifaey  reach  us  as  Yoices  of  the  past.  It  has 
been  justly  said,  that  with  our  large  telescopes  we  penetntte 
at  once  into  space  and  time.  "We  measure  space  by 
time;  the  ray  of  light  requires  one  hour  to  travel  592 
millions  of  miles.  "Whilst  in  the  Hesiodic  Theogony,  the 
dimensions  of  the  universe  were  expressed  by  the  fall  of 
bodies,  and  the  iron  anvil  was  only  nine  days  and  nine  nights 
in  falling  from  heaven  to  earth,  it  was  thought  by  the  elder 
Herschel{"»),  that  the  light  of  the  most  distant  nebulae  disco- 
vered  by  his  forty-foot  refractor  requires  two  millions  ot 
^  seass  to  reach  our  eyes.      Thus,  much  may  have  di«nf 
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peared  even  before  it  became  visible  to  oar  eyea,  and  in 
much  the  urangement  sad  order  may  have  varied.  7^ 
spectacle  of  the  starry  heavens  presents  to  our  view  objects 
not  cont«mporaneoiia ;  and  however  much  we  may  diminish 
both  the  anpposed  distance  whence  the  faint  light  of  the 
nebulte,  or  the  barely  discernible  glimmer  of  the  remotest 
clnster  of  stars,  reaches  ns, — and  the  thousands  of  years  which 
serve  as  the  measure  of  thfit  distance,— -it  will  still  remain 
tarae  that,  according  to  the  knowle^  which  we  possess  of 
the  velocity  of  light,  it  is  more  than  probable  that  the  light 
of  the  most  distant  cosmical  bodies  ofiers  ns  the  oltlest 
sensible  evidence  of  the  existence  of  matter.  Thus,  resting 
on  simple  premises,  the  reflecting  mind  rises  to  graver  and 
lo^er  views  of  nature's  forms,  in  those  boundless  fields 
which  light  traverses,  and  where  "  myriads  of  worlds  spring 
.  like  grass  in  the  night."  ('"*) 

We  win  now  descend  from  the  region  of  celestial  forms  to 
the  more  restricted  sphere  of  terrestrial  forces ;  from  the 
children  of  Uranus  to  those  of  Ge«.  A  mysterious  bond 
unites  the  two  classes  of  phfenomena.  In  the  ancient  sym- 
bolical meaning  of  the  Titanic  mjthus,  ('**)  the  forces 
of  the  universe,  and  the  systematic  order  of  nature,  depend 
on  the  union  of  the  heavens  and  the  earth.  If  our 
terrestrial  spheroid,  as  well  as  each  of  the  other  planets, 
belongs  originally  to  the  Sun,  as  having  been  formed  from 
detached  nebnloua  rings  of  the  solar  atmosphere,  a  con- 
nection is  still  maintained,  by  means  of  light  and  radiant 
heat,  both  with  the  Sun  of  our  own  system,  and  with  all 
fliose  remoter  suns  which  glitter  in  the  firmament.  The 
rerv  different  measure  (^  tJiese  effects  must  not  prevent  the 
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phydcal  philosopher,  engaged  in  traciog  a  general  pietuie  of 
nature,  from  noticing  the  connection  and  co-extensive  domi- 
nioD  of  similar  forces.  A  minute  fraction  of  the  EartJi's 
heat  belongs  to  the  part  of  space  through  vhich  our  pla- 
netary system  is  moving,  the  temperature  of  which  is 
•apposed  to  be  nearly  equal  to  the  mean  temperature  of  the 
poles  of  the  Earth,  and  is  ie^iude4 1^  Fourier  as  the  product 
of  calorific  radiation  from  all  the  bodies  of  the  universe. 
Far  more  powerful  undoubtedly  are  the  effects  of  the  Sun's 
rays  on  the  atmosphere  and  on  the  upper  strata  of  our 
globe,  in  the  electric  and  magnetic  currents  occasioned  by 
his  heat-producing  powers ;  and  in  the  magical  and  beneficent 
induence  which  awakens  and  nooriahes  the  germs  of  life  in 
the  organic  forms  on  the  surface  of  the  Earth,  which  will 
be  considered  in  a  subsequent  part  of  the  volume. 

In  now  turning  oujc  attention  exclusively  to  the  telluric 
sphere  (rf  nature,  we  will  first  consider  the  relative  extent  of 
liquid  and  solid  surface  of  the  Earth ;  its  figure  -,  its  mean 
density,  and  the  partial  distribution  of  this  density  in  the  in- 
terior of  the  planet;  its  temperature,  and  electro-magnetic 
tension.  These  relations  and  forces  will  lead  us  to  consider 
the  reaction  of  the  interior  of  our  globe  on  its  exterior; 
the  special  agency  of  subterranean  heat,  producing  the 
phteuomena  of  efutliquakes  in  districts  of  varying  extent; 
the  breaking  forth  of  hot  springs,  and  the  more  powerful 
action  of  volcanic  forces.  Movements  in  the  crust  of  tlieEartli, 
sometimes  sudden  and  in  shocks,  suoietimes  continuous  and 
almost  imperceptible,  alter  in  the  course  of  centuries  the 
relative  elevation  of  the  land  and  sea,  and  the  configuration 
of  the  land  beneath  the  ocean;  while,  at  the  same  time, 
communications   are  formed   between   the  interior  of  tiie 
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earth  and  the  atmosphere,  either  through  temporary  clefts 
or  more  permanent  openingH.  Molten  masses,  issuing  ftom 
unknown  depths,  flow  in  narrow  streams  down  the  de- 
clivities of  monntains,  sometimes  with  an  impetaooB,  and 
sometimea  with  a  slow  and  gentle  motion,  until  the  fieiy 
Habterranean  fount  is  dry,  and  the  lava  solidifies  under  a 
crust  which  it  has  itself  formed.  We  thus  see  new  rocks 
produced  under  our  eyes;  whilst  those  of  earlier  forma- 
tion are  altered  by  the  influence  of  heat,  rarely  in  imme- 
diate  contact,  more  often  in  proximity.  Even  when  no 
disruption  takes  place,  the  crystalline  particles  in  super- 
incumbent  cocks  are  displaced,  and  re-arranged  in  a  denser 
texture.  The  waters  present  fonnations  of  an  entirely 
difierent  nature ;  concretions  of  the  remains  of  plants  aiid 
animals;  deposits  of  earthy,  calcareous,  and  aluminous 
matter ;  a^r^ations  of  finely  pulverized  rocks,  covered  with 
beds  of  siliceous-shelled  infusoria,  and  with  transported  soO 
cont^ning  the  bones  of  animals  belonging  to  an  earlier  Btat« 
of  our  globe.  These  processes  of  formation  and  stratification 
going  on  before  our  eyes,  in  modes  so  difl'erent, — and  the 
disruption,  flexure,  and  elevation  of  rocks  and  strata,  by 
mutual  pressure  and  by  the  agracy  of  volcanic  forces, — lead 
tiie  thoughtful  observer,  by  simple  analogies,  to  compare  the 
present  ivith  the  past,  to  combine  actual  phcenomena,  to 
generalize,  and  to  amplify  in  thought  the  extent  and  in- 
tensity of  the  forces  now  in  operation.  Thus  we  arrive  at 
the  domain  of  that  geologieal  science,  long  desired  and 
obscurely  anticipated,  but  which,  in  the  last  half  century, 
has  been  placed  on  the  firm  basis  of  legitimate  indn^on. 

It  has  been  acutely  remarked,  "that  much  as  we  have 
gazed  on  the  planets  tlirou^h  lat^  telescopes,  we  know  less 
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of  tiieir  exterior  tlian  of  their  interior."  They  have  been 
weighed  and  meaaored;  thanks  to  the  progress  of  astrono- 
mical observation  and  calculation,  their  volumes  and  theii 
densities  are  known  with  constantly  increaaing  aumerical 
exactness ;  but  (-with  perhaps  an  exception  in  soine  degree 
in  the  case  of  the  Moon),  a  profound  obscurity  atill>  veils 
from  us  their  physical  properties.  It  is  only  on  oar  own 
globe  that  immediate  proximity  places  na  in  relation  with  all 
the  elements  both  of  the  organic  and  the  inorganic  crea- 
tion. Tlie  rich  diversity  of  materials,  their  admixtures  and 
transformations,  and  the  ever  changing  play  of  the  forces 
elicited,  offer  to  the  spirit  of  investigation  appropriate  and 
welcome  foodj  and  the  immeasurable  field  of  observation  ia 
which  the  intellectual  activity  of  the  human  mind  can  here 
expatiate,  lends  to  it  a  portion  of  its  own  elevation  and 
grandeur.  The  world  of  sensible  pluenomena  reflects  itself 
into  the  depths  of  the  world  of  ideas,  and  the  rich  variety  of 
nature  gradually  becomes  aubject  to  our  inteltectual  domain. 
I  here  touch  again  upon  an  advantage  to  which  I, 
have  already  repeatedly  alluded,  possessed  by  that  portion  of 
our  knowledge  which  is  especially  connected  with  oar 
terrestrial  habitation.  Uranography,  or  the  description  of 
the  heavens,  from  the  remotely  gleaming  nebulous  st^is  to 
the  central  body  of  our  own  system,  is  limited  to  general 
conceptions  of  volume  and  mass ;  no  vittd  activity  is  there 
revealed  to  our  senses ;  it  is  only  by  means  of  resemblances, 
and  often  fanciful  combinations,  that  even  conjectures  hare 
been  hazarded  respecting  the  specific  nature  of  the  material 
elements,  and  their  presence  or  absence  in  this  or  that 
coamieal  body.  The  heterogeneity  of  matter,  its  chemical 
diversityj  the  regular  forms  into  which  its  particles  ansnge 
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themselves,  whether  crystalline  or  granulBr;  its  relations  to 
the  deflected,  or  decomposed  waves  of  light  by  which  it  is 
penetrated;  to  radiating,  and  to  transinitt^dj  or  polarised 
heat ;  to  the  brilliaat,  or  the  not  less  energetic  becauH 
invisible,  phtenomeaa  of  electro-magnetism, — all  this  in- 
ealcakble  treasure  of  physical  knowledge  by  which  our 
contemplation  of  the  univ^se  is  enriched  and  exalted,  we 
owe  to  investigations  concerning  the  surface  of  ihe  plimet 
which  we  inhabit,  and  more  to  its  solid  than  to  its  liquid 
portion.  I  have  already  noticed  how  greatly  this  extensive 
knowledge  of  natural  olrjects  end  forces,  and  the  measure-  . 
less  variety  of  objective  perceptions,  stimulates  the  cnltiva- 
tion  and  promotes  tiie  activity  of  the  human  intellect ;  it  is 
as  needleas,  therrfore,  to  dwell  fother  on  this  topic,  as  on 
that  of  its  connection  with  the  causes  of  the  superiority  in 
material  power,  which  parricnlar  nations  dmve  from  tlieir 
comnumd  of  t  portion  of  the  ekments.  If,  on  the  one 
hand,  I  have  been  de^drons  of  calling  attention  to  the  dif- 
ference between  the  nature  of  our  telluric  knowledge,  and  of 
that  which  we  possess  concerning  the  regions  of  apace,  I 
wish,  on  the  other  hand,  to  indicate  the  limited  extent  of 
the  field  from  whence  our  whole  kno«'ledge  of  the  hetero- 
geneous properties  of  matter  is  derived.  It  is  from  that 
which  has  been  rather  inappropriately  termed  the  "crust" 
of  the  earth,  or  the  thickness  of  so  much  of  the  strata 
neatest  to  the  surface  of  our  planet,  as  is  opened  to  our 
view  either  by  deep  natural  valleys,  or  by  the  labours  of 
man  in  boring  or  in  mining  operations.  These  openi' 
tions  ('^)  attain  a  perirendicular  depth  below  the  level  of 
*the  sea  of  Lttle  more  than  two  thousand  feet,  about  one-third 
of  a  geographical  mile,  or  -^Vrr  of  the  Earth's  radius.     Tbs 
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crystdliiie  masses  enipt«d  from  active  volcaiioes,  and  for  &e 
moat  part  resembling  the  rocks  at  the  surface  of  the  earthy 
come  from  absolute  depths  which,  though  they  caunot  be  accu- 
rately detenuined,  are  assuredly  sixty  times  greater  than 
any  which  have  been  reached  by  onr  artificial  works.  la 
situations  where  strata  of  coal  dip  beneath  the  surface, 
and  rise  again  at  distances  determined  by  careful  measure- 
ment,  ve  are  enabled  to  assign  numerically  the  depth  of 
the  basin  formed  by  them;  and  we  thus  learn  that  snch 
coal  measures,  together  with  the  ancient  oi^anic  remains 
.  which  th^  contiun,  often  teach  (as  in  Belgium,  for  ex- 
ample) depths  exceeding  five  and  six  thousand  feet  ('^) 
below  the  present  level  of  the  sea;  and  that  the  mountain 
limestone,  and  the  strata  of  the  Devonian  basin,  attain  a 
depth  fully  twice  as  great.  If  ve  now  combine  these  depths 
beneath  the  surface  with  ^ose  mountain  summits  which 
have  hitherto  been  r^arded  as  the  highest  portions  of  the 
crust  of  the  Earth,  we  obtain  nearly  40000  Ei^lish  feet, 
at  a  measure  equalling  about  -^^  of  the  Earth's  radius. 
This,  therefore,  would  be  the  whole  range  in  a  vertical 
direction  of  our  geological  researches,  or  of  onr  knowledge 
of  superimposed  rocks, — even  if  the  general  elevation  of  the 
fiorface  of  the  Earth  equalled  the  height  of  the  Chawida^ri 
in  the  Himalaya,  or  of  the  Sorata  in  Bolivia.  All  that  ia 
situated  at  a  greater  depth  beneath  the  level  of  the  sea  than 
the  deepest  wells  or  mines,  or  the  basins  I  have  tef^i»d 
to, — or  than  the  bed  of  the  sea  where  it  has  been  reached 
by  sounding  (James  Boss  sounded  with  4600  fathoms,  or 
27600  feet  of  line,  without  finding  bottom),— is  as  unknown 
to  OS  as  the  interior  of  the  other  planets  of  our  solar  system. 
In  ihB  case  of  the  Earth,  as  in  that  of  the  other  planets,  wa 
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know  the  maes  and  tlie  mean  densitj,  and  we  ue  able  to 
compare  the  latter  with  the  density  of  the  materials  con- 
stitatiug  the  upper  terrestrial  strata,  which  alone  are 
accessible  to  us.  Where  the  knowledge  of  the  chemical 
and  mineralt^cal  properties  of  substances  in  the  iuteiior  of 
the  Earth  fails  us,  we  find  oarsdves  again  limited  to  the  field 
of  mere  conjectore,  aa  in  the  case  of  the  lemotart  ptan^atjr 
bodies.  We  can  determine  nothing  with  certainty  respecU 
ing  the  depth  at  which  the  materials  of  which  our  rocks 
are  composed  exist  dthet  in  m  softened  though  still 
tenacious  state,  or  in  complete  fusion, — respecting  cavitiei 
filled  with  elastic  T^xmrs,— the  condition  of  fluids  heated 
under  enormous  pressure, — or  the  law  of  the  inca-eose  (^ 
density  from  the  snr&ce  to  the  center  of  the  eerth. 

The  notice  of  the  increase  of  heat  with  increasing  Aepth 
in  the  interior  of  our  planet,  and  of  the  reaction  of  the  in* 
tenor  on  the  aar&ce,  will  lead  ua  to  the  consideration  of  the 
long  series  of  volcanic  pluenomena :  tiiese  manifest  thcan- 
selves  to  us  aa  earthquakes,  emissions  of  gas,  thermal 
springs,  mud  vidcanoes,  and  streams  of  lara  flowing  &om 
craters  of  eruption.  The  reaction  of  the  internal  elastic 
forces  shews  itself  also  in  alterations  of  the  configaration 
and  of  the  level  of  the  surfeee  of  the  globe.  Vast  plains 
and  deeply  indented  continents  are  elevated  or  depressed, 
and  thus  the  reciproc^  limits  of  land  and  sea,  of  solid  and 
Kquid  surface,  are  frequently  and  variously  modified.  Plains 
have  undei^one  an  oscillatory  motion,  bong  idtematefy  ele> 
vated  and  depr^sed.  Subsequently  to  the  elevation  of  coiw 
tinents  above  the  sea,  mountain  chains  have  risen  from  long 
clefts,  and  these  are  mostly  parallel,  in  which  case  the 
elevations  were  probably  cotemporaneons.     Salt  U:es  and 
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greet  inland  seas,  loDg  iuhabited  by  the  same  species  of  airi- 
mals,  have  been  violently  separated,  tbeir  original  coanectdoii 
being  edU  evidenced  by  tbe  fossil  remaina  of  shells  and 
zoophytes.  'Xhns  in  following  phnnomena  in  their  mutu^ 
dependence,  we  are  condacted  from  the  considovtion  of 
farces  operating  in  the  interior  of  our  globf^  to  movements 
and  diempUons  of  its  surface,  and  to  the  pouring  forth  of 
molten  streams  forced  up  by  the  expansive  energy  of  elastic 
vapours.  The  same  forces  which  elevated  the  lo%  dudna 
of  the  Andes  and  the  Himalaya  to  tbe  r^ions  of  perpetosl 
enow,  have  occasioned  new  compositions  and  textures  in  tbe 
totineral  masses,  and  have  altered  strata  wliicb  bad  been 
previously  deposited  from  fluids  containing  many  oi^amo 
substances.  We  thus  perceive  the  dependence  of  the  seriea 
ol  formations,  divided  and  superposed  according  to  their 
nges,  on  changes  of  configuration  of  the  auriace,  on  dynamio 
relations  of  the  upheaving  forces,  and  on  tbe  chemical 
action  of  the  vapours  which  issue  &om  the  fissures. 

The  form  and  distribution  of  tbe  dry  land,  or  of  that 
portion  of  the  earth's  crust  which  is  suited  to  the  luxuriant 
development  of  vegetable  life,  are  connected  by  intimate 
relations,  and  by  reciprocal  action,  vitli  the  surrounding  sea, 
in  which  oi^anic  life  seems  almost  limited  to  the  animal  world. 
The  hquid  element  is  again  covered  by  the  atmosphere— aa 
aerial  ocean  into  which  tbe  mountain  chains  and  plateaus  of 
the  dry  land  rise  like  sho^,  and  occasion  a  variety  of  cur- 
rents and  changes  of  temperature.  Collecting  moisture  from 
the  region  of  clouds,  these  loftier  tracts  contribute  also  to 
the  spread  of  life  and  motion,  by  the  beneficial  influence  of 
the  streams  of  water  wliich  flow  down  their  declivities. 

■Whilst^  the  geography  of  planta  and  animals  depends  ui 
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the '  intricate  conditioiis  of  the  distribntion  of  land  imd 
water,  the  genwal  form  of  the  aoiface,  and  the  direction  of 
iaothennal  lines,  at  zones  of  equal  mean  amiDal  tempera- 
tore,  it  ia  far  otherwise  when  we  view  the  hnm&u  race, — the 
last  and  noblest  aubjecf  is  a  physical  descnption  of  the  globe. 
Tiie  characteristic  diffcrenceB  observed  in  the  reces  of  men, 
jtnd  their  numerical  diatnbution  on  the  face  of  tlie  earth, 
are  inflnenced,  not  alone  bj  natural  relations,  but  hIso,  and  in 
a  higher  degree,  by  the  projp'ess  of  civilisation,  uid  hj  motal 
and  iatellectual  culture,  on  which  the  pohtical  superiority 
of  nations  depends.  Some  races,  clinging,  as  it  were,  to 
the  soU,  are  supphuited  and  gradually  annihilated  by  the 
dangerous  vicinity  of  others  whoso  social  state  is  more  ad- 
vanced, and  leave  behiad  them  but  a  faint  historical  trace 
of  their  existence ;  whilst  other  races,  not  the  strongest  in 
point  of  nnmber,  navigating  the  liquid  element  in  every 
direction,  have  spread  themselves  over  the  whole  surface  of 
the  earth,  and  have  thus  been  the  first  to  attun,  though  late^ 
a  gnqihical  knowledge  of  the  surfiwe  of  our  planet,  or,  it 
least,  of  its  coasts,  from  pole  to  pole. 

Here,  then,  and  before  we  enter  on  individud  features  of 
that  part  of  the  contemplation  of  nature  which  embraces  1«1- 
hiric  phienomena,  I  have  shown  generally  in  wliat  way,  &om 
the  consideration  of  the  Earth's  form,  and  the  ceaseless  action 
of  the  forces  of  electro-magnetism  and  subterranean  heat^ 
we  may  embrace,  in  one  view,  the  configuration  of  tlie 
enrface  of  the  land  both  in  horizontal  extent  and  elevation, 
the  types  of  different  geological  formations,  tix  Uquid 
ocean,  the  atmosphere  with  its  meteorologiciil  processes,  the 
geographical  distribution  of  plants  and  animals,  and,  finely, 
the  physical  gradations  of  Uie  humim  race  wliich  is  exclu- 
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sively  and  every  -where  susceptible  of  intellectual  ciiltnra. 
This  unity  of  contemplation  presupposes  a  combinatioii  of  the 
ptuenomena  according  to  their  intimate  mutuid  connection  i 
a  mere  juxtaposition  of  fects  vould  not  fulfil  the  object 
which  I  have  proposed  to  myself;  it  vould  not  satisfy  that 
desire  foi  cosmical  presentation  awakened  in  me  by  the 
«spect  of  nature  during  long  voyages  hy  sea  and  land,  by  ■ 
careful  study  of  fonns  and  forces,  and  by  a  vivid  impressioii 
of  the  unity  of  nature  in  regions  of  the  earth  differing  moat 
videly  from  each  other.  Much  which  in  this  attempt  is 
exceedingly  defective,  will,  perhaps,  soon  be  corrected  and 
completed  by  the  rapid  advance  of  all  branches  of  phj^ 
sicsl  science  j  for  it  belongs  to  liie  fuller  development  of 
knowledge,  that  parts  which  were  at  first  isolated  become 
gradually  connected,  and  subjected  to  the  dominion  of 
higher  law.  I  but  indicate  the  path  of  observation  and 
experience  in  which  I,  and  many  o^ers  of  hke  mind  with 
myself,  advance,  full  of  expectation  that,  as  Plato  has  told 
us  Socrates  once  desired,  "  Season  shall  be  the  sole  inter- 
preter of  Nature."  C^^) 

The  description  of  the  leading  features  of  telluric  pheeno- 
mena  most  b^in  with  the  form  and  relative  dimensions  vd 
the  planet  iteelf.  Here,  too,  ve  may  say,  that  as  the  arj^ 
taUine,  gnmnlar,  and  fossiliferous  rocks  respectively  indicate 
the  modes  of  their  formation,  so  the  geometrical  form  trf 
the  Earth  reveab  ii«  earlier  condition;  an  ellipsoid  d 
revolution  indicating  a  once  soft  or  Quid  mass.  Thus  the 
Earth's  ellipticity  constitutes,  to  the  intelligent  reader  of 
the  book  of  nature,  the  record  of  one  of  the  earliest  tellurio 
&cts.  Analogous  facta  in  the  history  of  the  Moon  m 
presented  1^  the  eUiptical  form  of  the  lunar  spheroid,  and 
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tiie  constant  direction  of  its  major  ana  towards  the  £ftrtli ; 
the  acciunulation  of  matter  on  that  half  of  the  Moon  which 
is  tamed  to  as  detennines  the  relation  of  the  periods  of 
rotation  and  revolution,  wid  doabtless  reaches  back  to  the 
earliest  epoch  in  the  history  of  the  satellite.  fHie  math^ 
matical  fignre  of  the  Eutb  "is  that  vhich  it  vonld  have 
if  its  surface  were  covered  hj  ynAet  in  a  state  of  repose :" 
it  is  to  this  imaglnaiy  surface,  which  is  unaffected  by  the 
occidente  and  ineqnalitiea  of  the  true  physical  sor&ce,  that 
all  geodesical  measurements  of  degrees  are  referred.  ('") 
The  general  figure  of  the  Earth  is  determined  when  we  know 
the  magnitude  of  the  equatorial  axis  and  the  compression 
et  the  poles ;  but  to  obtain  a  complete  representfition  of 
its  form,  measurements  in  two  directions,  perpendicular  to 
each  other,  are  required. 

Eleven  measurements  of  degrees  (or  determinations  of  the 
curvature  of  the  Earth's  surfitce  in  different  parts),  of  which 
nine  belong  to  the  present  eentury,  have  made  known  to  us 
the  nu^nitude  of  our  globe,  which  Pliny  ('**)  long  since 
termed  a  "  point  in  the  immeasurable  Universe."  If  these 
measurements  are  not  always  accordant  in  giving  equal 
curvatures  for  the  different  meridians  under  the  same  parallel 
of  latitude,  this  very  circumstance  rather  testifies  in  favour 
of  the  accuracy  of  the  instruments  and  methods  employed, 
end  of  the  fidelity  of  the  partial  results.  The  conclusion 
iHpecting  the  fignre  of  a  planet,  from  the  increase  of  the 
attracting  force  in  going  &om  the  equator  to  the  poleSr  is 
dependent  on  the  distribution  of  density  in  its  interior.  In 
his  immortal  work,  "Philosophise  Naturalis  Principia,'* 
Newton,  incited  probably  by  Cassini's  discovery  of  the  ellip- 
ticity  of  Jupiter  (''^)   made  previous  to  1666,  determined 


156  TBEEESTBIAL  PH.ENOUENA, 

fi?om  tbeoif^cal  groonils  the  compression  of  the  Earth,  aa 
ft  homogeneous  mass,  at  ^-5-  By  the  aid  of  new  and  more 
perfect  analysb,  actoal  measuremeata  have  since  shewn  the 
ellipticity  of  the  terreatrial  spheroid,  when  the  density  of  the 
strata  is  regarded  as  increasing  towards  the  centre,  to  be 
more  nearly  -g^-^. 

Three  methods  have  been  emfdoyed  in  investigating  the 
Gorvature  of  the  Earth's  sor&ce ;  it  faaa  been  inferred  from 
measoiements  of  d^reea,  &om  the  vibrations  of  a  pea- 
dulnm,  and  from  certain  inequalities  in  the  Moon's  orbit. 
The  first  method  is  a  direct  geometriciJ  and  astronomical 
one;  in  the  other  two,  we  infer  from  movements  accn- 
rat^y  observed,  the  measure  of  the  forces  which  occasion 
those  movements  j  and  from  the  inequality  of  the  forces 
we  infer  the  difference  between  the  equatorial  and  polar 
diameters.  Id  this  part  of  the  sketch  of  nature,  I  have 
introduced  an  exception  to  the  general  mr.nner  of  its  treat- 
ment, by  noticing  methods,  because  in  this  case  (hev 
afford  a  striking  exempUficatuin  of  the  intimate  connec- 
tion existing  between  forms  and  forces  in  natural  phis 
nomena;  and  also,  because  tlieir  employment  has  happily 
given  occasion  to  the  attainment  of  a  high  degree  of  accuracy 
in  optical  instruments,  and  in  those  employed  in  the  mea- 
surements of  space  and  time,  as  well  as  to  fundainental  ini- 
provementa  in  the  astronomical  and  mechanical  sciences, 
sai  even  to  new  and  special  branches  of  analysis.  Except 
the  investigations  concerning  the  parallax  of  the  fixed  st&r^ 
which  led  to  the  discovery  of  aberration  and  nutation,  the 
history  of  science  presents  no  problem  in  which  the  object 
obtained, — the  knowledge  of  the  mean  compression  of  the 
£aitliu  and  the  certainty  that  its  figure  is  not  a  regular  one, — 
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is  SO  far  anrpassed  in  import&nce  by  the  inddentAl  gun 
which,  in  the  course  of  its  long  and  ardaous  pursuit,  has 
accrued  in  the  genial  cultivation  and  advanceinent  of 
mathematical  and  astronomical  knowledge.  The  compari* 
son  of  eleven  measurements  of  degrees  '[including  three 
extra  European,  the  old  Pemvian  and  two  East  Indian 
arcs),  discussed  by  Bessel  in  a  memoir  in  which  dne  regard 
is  paid  to  the  most  modem  refinements,  gives  an  elliptidty 
of  -5-57*  ('*")  heing  a  difference  between  the  polar  and  eqna- 
tonal  Bemi'diameters,  of  1093S  toises  (69648  English  feet), 
or  about  11-6  geographical  miles.  The  excess  of  the 
eqaatorisl  radius  resulting  &om  the  curvature  of  the  surface 
of  the  spheroid  amounts,  therefore,  in  the  direction  of  gra- 
vity, to  more  than  i}-  times  the  height  of  Mont  Blanc,  oV 
twice  and  a  half  the  probable  height  of  the  summit  of  the 
Dhawalagiri  in  the  Himalaya  Chain.  The  lunar  inequalities 
(perturbations  of  the  Moon's  motion  in  longitude  and 
latitude),  giv^  according  to  Laplace's  most  recent  investi- 
gations, almost  the  same  result  for  the  Earth's  ellipticitj 
as  the  measurements  of  degrees,  viz.  7^.  The  experiments 
with  the  pendulum  give  a  much  greater  compression,  viz. 
■4-s-f  ('*')■  I*'  ^  related  that  Galileo,  when  a  boy,  observed, 
during  the  performance  of  divine  service,  that  the  height  of 
the  vaulted  roof  of  a  church  might  be  measured  by  means  of 
the  time  of  vibration  of  chaiidciiera  suspended  at  different 
heights;  but  he  could  scarcely  have  "anticipated  that  pendu- 
■  lums  would  one  day  be  carried  from  pole  to  pole  to  determine 
the  figure  of  the  earth.  In  this  research  it  has  been  found 
that  the  length  of  the  seconds  pendulmn  is  affected  by  the 
nnequal  density  of  the  superficial  strata  of  the  earth.  This 
geological   influence  on  an  instrument  by  which  time  is 
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meaanred, — this  property  of  the  pendiilam,  whereby,  like  a 
soondrng  line,  it  searches  nnknoTn  deptlm,  and  reveals  in 
Tolcanic  islands,  {*")  or  on  the  declivity  of  raised  contineutaL 
mountain  chains,  C^^)  the  presence  of  dense  masses  of  basalt 
and  melaphyie,  instead  of  subterranean  cavities,— rendaa  a 
general  result  in  the  deduction  of  the  figure  of  the  earth 
dii&cult  of  attainment,  in  spite  of  the  admirable  simplicity 
of  the  method.  In  the  astronomical  part  also  of  the  mea- 
surement of  d^rees,  mountain  chains  and  locks,  or  strata 
of  great,  density,  exert,  though  in  a  leas  degree,  a  prejudicial 
influence  on  the  determinations  of  latitude. 

As  the  figure  of  the  Earth  influences  materially  the 
movements  of  other  planetary  bodies,  and  especially  those 
of  her  own  satellite  which  is  nearest  to  her,  the  more  perfect 
knowledge  of  the  lunar  movements  enables  us  reciprocally 
to  infer  &om  them  the  Earth's  flgure;  and  thus,  as  Laplace 
ingeniously  remarked,  {'34j  «  a^  astronomer,  without  quit- 
ting his  observatory,  may  be  able,  from  a  comparison  of  the 
lunar  theory  with  actual  observation,  to  determine  not  only 
the  form  and  magnitude  of  the  Earth,  but  also  its  distance 
from  the  Sun  and  Moon, — ^resnlte  only  to  be  otherwise  ob- 
tained hy  long  and  arduous  undertakings  in  the  remotest 
regions  of  both  hemispheres."  The  dlipUcity  inferred  iiom 
tiie  lunar  inequalities  has  an  advantage  not  afforded  either 
by  measurements  of  degrees  or  by  pendulum  experiments, 
in  being  independent  of  local  accidents,  and  thus  shewinj; 
the  mean  ellipticity  of  the  planet.  The  comparison  of  the 
Earth's  figure  with  its  velocity  of  rotation  serves  also  Ij 
establish  the  increase  of  density  of  the  strata  from  the  sur- 
fiice  to  the  center;  an  increase  which  the  comparison  of  the 
latios  of  the  polar  and  equatorial  ases  of  Jupiter  and  Saturn 
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with  tlirar  times  of  rotation,  shews  to  exist  also  in  those  Un 
large  planets,  l^us  the  knowledge  of  the  external  fonn  of 
planetary  bodies  affords  a  basis  for  conclasions  respedang 
their  internal  constitution. 

The  northern  and  southern  tenestrial  hemiapheres  appear  to 
present  nearly  the  same  corvatnre  under  equal  latitudes  (■") ; 
bat,  as  has  been  already  remarked,  pendulum  experiments 
and  measuiementa  of  degrees  give  such  difTer^it  lesults  for 
different  pwts  of  the  Earth's  surface,  that  it  is  impossible 
to  assign  any  regular  figure  which  shall  satisfy  all  the  results 
obtained  by  these  methods.  The  actual  figure  of  the  Earth 
is  probably  to  a  regular  figure,  "  as  the  nneren  surface  of 
agitated  wat^  is  to  the  even  suiface  of  water  in  repose." 

Having  thus  measured  the  Earth,  it  had  to  be  weighed ; 
an<il  here  also  the  vibrations  of  the  pendulum,  and  the  em- 
ployment of  the  plumb  line,  have  served  to  determine  ita 
mean  density.  This  has  been  attempted  in  three  ways :  1st, 
by  combining  astronomical  and  geodesical  operations  for 
the  purpose  of  ascertaining  the  deflection  of  the  plumb  line 
caused  by  the  vicinity  of  a  monnttiip ;  3d,  by  comparing  the 
length  of  the  pendulum  vibrating  seconds  in  a  plain,  and 
on  the  summit  of  a  mountain;  3d,  by  employing  a  balance 
of  torsion,  which  may  be  regarded  as  a  horizontal  pendulum, 
as  a  measure  of  the  relative  density  of  neighbouring  strata. 
Of  these  three  methods  ('^)  the  last  is  the  moat  certain, 
because  it  is  independent  of  the  very  difficull.  determina- 
tion of  the  density  of  the  mineral  masses  of  which  the 
mountain  consists,  near  which  the  observations  of  the 
ether  two  methods  must  be  made.  The  most  recent 
experiments  with  the    balance    of    toi^sion  are  those  of 
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Bcicli,  and  give  for  theii  tesolt  5'44  to  1  aa  the  ratio  of  the 
mean  density  of  the  Earth  to  that  of  distilled  wat«r.  Now,  we 
know  ^om  the  general  nature  cj  the  locks  and  strata  which 
form  the  diy  or  continental  portion  of  the  Earth's  sni&oe, 
that  their  denaitf  can  hardly  amonnt  to  27,  or  ^lat 
of  the  land  and  sea  sorfaces  taken  together  to  1'6;  it 
follows,  Uierefoie,  that,  either  bj  pressure,  or  &om  tia 
heterogend^  of  the  substance,  the  elliptical  strata  in  the 
interior  must  undergo  a  great  incarease  of  density  towards  the 
center  of  the  Earth.  Here,  E^ain,  the  horizontal  (as  befbn 
the  vertical)  pendulum,  shews  itself  to  be  justly  entitled  to 
the  name  of  a  geological  instnunent. 

The  results  thus  obtained  have  led  physical  philosophers 
of  celebrity  to  form  to  themselves,  according  to  the  different 
hypotheses  from  which  they  proceeded,  wholly  opposite  views 
respecting  the  nature  of  the  interior  of  the  globe.  It  has 
been  computed  at  what  depths  liquid  and  even  gaseous 
substances,  from  the  pressure  of  their  own  superimposed 
strata,  would  attain  a  density  exceeding  that  of  platinum, 
or  of  iridium ;  and  in  order  to  bring  the  actual  df^ree  of 
ellipticitj,  which  was  known  within  very  narrow  h'mits,  into 
hEffmony  with  the  hypothesis  of  the  infinite  compressibility 
of  matter,  Leshe  conceived  the  interior  <^  the  Earth  to  be 
a  hollow  sphere,  filled  with  "  an  impiwderable  fluid  of  enoN 
mons  npannve  force."  Such  rash  and  arbitrary  conjectures 
have  given  rise,  in  wholly  unscientific  circles,  to  still  mora 
fimtastic  notions.  The  hollow  sphere  has  been  peopled  with 
plants  and  animals,  on  which  two  amall  subterranean  revolv* 
ing  planets,  Fluto  and  Proserpine,  were  supposed  to  shed  s 
mild  light.  A  constantly  uniform  temperature  is  supposed 
to  prevail  in  these  inner  regions,  and  the  air  being  rendered 
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■elf'luniiiioQS  hj  compression,  might  well  render  the  planetg 
of  this  low^  wetld  onnccessary.  Near  the  north  pole,  in  82° 
of  latitude,  an  enonoous  opening  is  imagined,  from  vhich 
the  polar  light  visible  in  Aurora  streams  fortJi,  and  hj  which 
a  descent  into  the  hollow  sphere  may  be  made.  Sir  Hnm- 
piuy  Davy  and  myself  were  repeatedly  and  publicly  invited 
by  Captain  Symmes  to  undertake  this  sobterruiean  expe- 
dition :  so  powerful  is  the  morbid  inclination  of  men  to  fill 
nnseen  spaces  with  shapes  of  wonder,  r^ardless  of  the 
counter-evidence  of  well-establiahod  facts,  or  universally 
recognised  natural  laws.  Even  the  celebrated  Halley,  at 
the  end  of  the  17th  century,  hollowed  ont  the  Earth  in 
Ids  magnetic  sprcnlations ;  a  freely  rotating  anbtemneaa 
nnclens  was  supposed  to  occasion,  by  its  varying  positions^ 
the  diurnal  and  annual  chwiges  of  the  magnetic  declination. 
It  has  been  attempted  in  our  own  day,  in  tedious  earnest,  to 
invest  with  «  scientific  garb  that  which,  in  the  pages  of  the 
ingenious  Holbetg,  wae  an  amusing  fiction. 

The  figure  of  the  earth,  its  degree  of  solidification, 
and  its  densilj,  are  intimately  connected  with  forces 
which  act  in  ita  interior,  apart  &om  external  infiu- 
ences,  or  the  position  of  the  phmet  relatively  to  the 
luminous  central  body.  We  have  considered  the  com- 
pression or  ellipticity  as  a  conseqnenee  of  the  centrifugal 
force  acting  on  a  rotating  ina:^,  and  as  evidencing  as 
earlier  condition  of  fluidity  in  our  planet:  in  the  course 
of  the  solidiScation  of  this  fluid,  (which  some  have  been 
inclined  to  assume  to  have  been  originally  gaseous,  and 
heated  to  a  very  high  degree  of  temperature,)  an  enormoua 
quantity  of  latent  beat  would  have  been  di£euga;^-ed ;  and 
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supposing,  with  Fourier,  the  process  of  consolidation  to 
have  commenced  by  radiation  into  space  from  the  cool- 
ing surface,  the  particles  nearer  to  the  center  of  the  Sarth 
woijd  have  continued  fluid  and  incandescent.  After  iong 
transmisson  of  heat  from  the  center  towards  the  surface,  a 
stable  condition  of  the  temperature  would  have  been  eat^- 
bliahed,  when  the  heat  would  increase  uninterruptedly  with 
increasing  depth.  The  high  temperature  of  water  which 
rises  in  very  deep  borings  in  Artesian  weUs, — direct  obser- 
vation of  the  temperature  of  rocks  in  mines, — and,  above  aS, 
the  volcanie  activity  of  the  Earth,  ejecting  molten  masses 
from  opened  clefts  or  fissures,  bear  unquestionable  evidence 
to  this  increase  for  very  considerable  depths  in  the  upper 
terrestrial  strata.  Inferences,  wliich  are  indeed  founded 
only  on  analogy,  render  the  extension  of  this  increase  farther 
towards  the  center  more  than  probable.  That  which  has 
been  learnt  respecting  the  props^tion  of  heat  in  homo- 
geneous metallic  spheroids,  by  means  of  an  ingenious 
analytical  calculus  perfected  expressly  for  this  class  of  in- 
vestigations, ('3')  can  only  be  applied  with  great  caution  to 
the  actual  constitution  of  our  planet,  considering  our  igno- 
rance of  the  substances  of  wiiicli  the  Earth  may  be  com- 
posed,— of  the  different  capacity  for  heat  and  conducting 
power  of  the  superimposed  masses, — and  of  the  chemical 
changes  wliich  solid  and  fluid  matter  may  undergo  from 
enormous  pressure.  ■  That  which  is  most  difficult  for  us  to 
conceive  and  to  represent  to  ourselves,  is  the  boundary  line 
between  the  fluid  interior  mass  and  the  solidified  rocks 
which  form  the  outer  crust ;  or  the  gradual  change  from 
the  sohd  strata  to  the  condition  of  semi-fluidity,  a 
condition  to  which  the  known  laws  of  hydraulics  can  only 
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be  appL'cable  mtder  considerable  modificationa.  It  seema 
highly  probflble  that  the  action  of  the  Sun  and  Moon,  whirh 
produces  the  ebb  and  flow  of  the  ocean,  is  also  felt  in  these 
subterranean  depths.  We  may  suppose  periodic  heamgs 
and  subsidings  of  the  molten  mass,  and  consequent  varia- 
tions in  the  pressnie  agtunst  tlie  vaulted  coveiing  formed  hj 
the  aolidihcation  of  the  upper  rocks.  The  amount  and  effects 
ofsuch  oscillations  must,  however,  be  small;  and  though  the 
relative  position  of  the  heavenly  bodies  may  here  also  occa- 
sion "  spring  tides,"  yet  it  is  certainly  not  to  these,  but  to 
more  powerful  intern^  forces,  that  we  must  attribnt*  the 
movements  which  shake  the  surface  of  the  Earth.  There  are 
groups  of  phenomena  to  the  existence  of  which  it  may  be 
useful  to  refer,  for  the  purpose  of  illustrating  the  universality 
of  the  attraction  of  the  Son  and  Moon  on  the  external  und 
internal  condition  of  our  globe,  however  little  we  may  be 
able  to  assign  numerically  the  amount  of  such  influence. 

Tolerably  accordant  experience  has  sheim  that  in  Arte- 
sian wells,  the  average  increase  of  temperature  in  the  strata 
pierced  through  is  \°  of  the  Centigrade  thermometer  for 
9Z  Parisian  feet  of  vertical  depth  (54*5  English  feet  for  I? 
of  Fahrenheit) ;  or  if  we  suppose  this  increase  to  continue 
in  an  arithmetical  ratio,  a  stratum  of  granite  would,  as  I  have 
already  remarked  (^^^),  be  in  a  state  of  fusion  at  a  depth  of 
nearly  21  geographical  miles,  or  between  four  and  five  times 
the  elevation  of  the  highest  summit  of  the  Himalaya. 

In  the  globe  of  the  Earth  three  varieties  in  the  mode  of  the 
propagation  of  heat  are  to  be  distinguished.  The  first  is 
periodical,  and  causes  the  temperature  of  the  strata  to  vary, 
as,  according  to  the  position  of  the  Sun  and  the  season  of 
the  year,  the  warmth  |>enetrat«s  from  above  downwards. 
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or,  iiiversely,  escapes  by  the  Bame  path.  The  second  is 
also  an  effect  of  the  Sun;  its  octioii  ia  extremely  slow^ 
part  of  the  heat  which  has  penetrated  into  the  Earth  in  the 
equatorial  regions  triivels  along  the  interior  of  the  Earth's 
crust  to  the  vicinity  of  the  poles,  where  it  escapes  into  the 
atmospliere,  and  thence  into  space.  The  third  is  the  slowest 
of  all;  it  consists  in  the  secular  cooUng  of  the  terrestrial 
globe ;  ill  the  escape  of  the  very  small  quantity  of  the  primi- 
tive heat  of  the  planet  which  is  now  given  out  from  its  snrfacc. 
The  loss  of  central  heat  is  supposed  to  have  been  very  great  at 
the  time  of  the  early  terrestrial  revolutions,  but  within  his- 
toric periods  it  has  hardly  been  appreciable  by  oof  instru- 
ments. The  temperature  of  the  dorface  of  the  earfli  is 
intermediate  between  the  glowing  temperature  of  the 
inferior  strata,  and  that  of  space  which  is  probably  bedow 
the  freezing  point  of  mercury. 

The  periodic  variations  of  the  temperature,  produced  at 
tlie  surface  by  the  position  of  the  Sun  and  by  meteorolo- 
gical processes,  propagate  themselves  towards  the  interior 
of  the  Earth,  but  ouly  to  a  very  inconsiderable  depth.  The 
slow  conducting  power  of  the  soil  diminishes  the  loss  of 
heat  in  winter,  and  is  favourable  to  trees  havii^  deep  roots. 
At  points  placed  at  different  depths  on  the  same  vertical 
hne,  the  maximum  and  minimum  of  the  imparted  tempers 
lures  are  attained  at  very  different  seasons ;  and  the  greattf 
the  distance  from  the  surface,  the  less  is  the  differeDce  be- 
tween the  extremes  of  temperatore.  In  our  temperate 
latitudes  (48" — 52")  the  stratum  of  invariable  temperfitare 
is  found  at  a  depth  of  from  55  to  60  Erench  feet  (59  to  64 
English  feet  nearly) ;  and  at  half  that  depth  the  oscillations 
of  tenqieratuie  from  the  influence  of  season  are  ahready 
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diminished  to  less  than  1*  of  Fahrenlidt.  In  tropical  cli< 
mates  tlie  inwiiable  stratnm  is  only  one  foot  below  the  sui< 
&ce ;  and  Boossinganlt  has  ingeniously  availed  himself  of  this 
&ct  to  obtain  a  -nsrj  oHLvenient,  and,  as  he  thinks,  certein 
mode  of  detenmning  the  mean  temparatore  of  the  air  at  a 
station  (*^^).  IHas  mean  temperatnre  of  the  air,  either  at  a 
fixed  point,  oi  at  a  group  of  points  not  fiir  removed  from  each 
otha  on  the  suiface  of  the  Earth,  is,  to  a  certain  degree,  the 
fundamental  element  of  the  relations  which  determine  the 
climate,  and  the  appropriate  cultivation  of  a  district;  but 
ihe  mean  t^nperatore  of  the  whole  surface  of  the  Earth  is 
very  different  &om  that  of  the  Earth  itself.  The  often 
lepeated  qnestiona,  whether  the  superficial  temperature  has 
nndei^one  any  considerable  change  in  the  course  of  cen- 
turies,— whether  the  chmate  of  a  country  has  deteriorated,— 
whether  the  winter  may  not  haVe  become  milder,  and  the 
summer  at  the  same  time  cooler, — are  all  inquiries  which 
can  only  be  decided  by  means  of  the  thermometer,  an  instru- 
ment only  invented  abont  two  centuries  and  a  half  ago, 
and  of  which  the  intelligent  scientific  employment  scarcely 
dates  back  to  120  years.  The  nature  and  tiie  novelty  of  the 
meuis,  tiierefoie,  restrict  within  very  narrow  hmits  our 
inquiries  concerning  the  temperature  of  the  air;  but  it  is 
quite  otherwise  with  the  eolution  of  the  lai^r  problem 
teguding  the  internal  temperature  of  the  whole  globe.  Aa 
from  the  unaltered  time  of  vibration  of  a  pendulum  we  are 
able  to  conclude  that  the  equah^  of  its  temperature  has 
been  maintained,  so  the  unchanged  velocity  of  the  Earth's 
lotation  furnishes  a  meaanre  of  the  stabflity  of  its  mean 
temperature.  This  insight  into  the  relation  between  the 
length  sf  ihe  day  and  the  heat  of  the  globe,  leads  to  a 
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most  brilliant  application  of  the  long  knowledge  we  j 
of  tlie  movements  of  the  heavens  to  the  thermic  condition  ot 
our  planet.  The  velocity  of  the  Earth's  rotation  depends  on 
her  volume ;  and  since,  therefore,  by  the  gradaal  cooling  of  the 
mass  from  the  effects  of  radiation  the  a:xiB  of  rotation  would 
become  shorter,  such  decrease  of  temperatm^  would  be 
accompanied  by  increased  velocity  of  rotation  and  dimi- 
nished  length  of  day.  Kow  the  comparison  of  the  secalai 
inequalities  in  the  Moon's  motion  with  eclipses  observed  by 
the  ancients,  shews  that  since  the  time  of  Hipparchoa,  or 
during  an  interval  of  two  thousand  years,  the  length  of  the 
day  has  certainly  not  been  duninished  by  one-hundredth 
faxt  of  a  second :  we  know,  tber^ore,  that  the  mean  tan- 
perature  of  the  Earth  has  not  altered,  during  that  period,  bo 
much  as  the  -^  -„  part  of  a  Centigrade  degree,  or  the  -^.-t^  of 
a  degree  of  Fahrenheit.  (>*>) 

This  invariability  of  form  presupposes  also  great  inv^ 
riability  in  the  distribution  of  density  in  the  interior  of  th» 
globe.  Such  transference  of  matter  as  is  effected  by  the 
action  of  our  present  volcanoes,  the  eruption  of  feiruguKiiu 
htvas,  and  the  filling  up  of  previously  empty  fissures  uid 
cavities  with  dense  mineral  masses,  are  therefore  to  be 
regarded  merely  as  inconsiderable  superficial  phtenomeii^ 
wholly  insignificant  when  considered  in  relation  to  tiie 
jtimensions  of  the  Earth. 

I  have  described  the  internal  heat  of  our  planet,  both  in 
respect  to  its  cause  and  distribution,  almost  exclusively  from 
the  results  of  Fourier's  admirable  investigations.  Poiseoii 
donbled  the  uninterrupted  increase  of  the  Earth's  tempera- 
ture from  the  surface  t»  the  center ;  he  beUeved  that  its  lieat 
had  penetrated  from  witliout,  and  that  the  temp^lure  of 
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the  {i^obe  was  dependent  on  the  Ugh  en  Iot  tempeiatim  cJ 
the  part  of  spaee  tfaroagh  which  the  soha  Bfstem  has  moved. 
Tiiia  hypotheaJB,  jm&gined  by  one  of  the  profonndest  m&- 
ibstaatiaiwis  of  our  time,  has  been  satasfactoiy  to  few,  if 
mdeed  to  any  one  except  himself,  and  lias  certainly  not  been 
lec^ved  by  physicists  and  geologists. 

Bnt  whatever  may  be  the  cause  of  the  internal  heat  of  our 
planet,  and  its  limited  or  unlimited  increase  at  increasing 
depths,  it  conducts  us,  in  this  general  contemplation  of 
nature,  through  the  intimate  relation  of  all  the  primary  pliEe- 
nomena  of  matter,  and  throngb  the  common  bond  which 
unites  the  molecnlur  forces,  into  the  obscure  domain  of  Mag- 
netism. Changes  of  t^nperatnre  elicit  magnetic  and  electric 
currents.  Terrestrial  magnetism,  of  which,  in  its  threefold 
manifestation,  incessant  peiiodical  variation  is  the  leadiug 
characteristic,  is  ascribed  either  to  inequalities  in  the  tempe- 
rature of  the  globe,  ('*')  or  to  those  galvanic  currents  which 
we  regard  as  electricity  movingin  aclosed  circuit.  ('**)  The 
mysterions  march  of  the  magnetic  needle  is  dependent  both 
on  time  and  space, — on  the  course  of  the  Sun,  and  on  its 
own  change  of  place  on  the  suriace  of  the  Earth.  The  hour  of 
the  day  may  be  known  between  the  tropics  by  the  direction 
of  the  needle,  as  well  as  by  the  height  of  the  mercury  in  the 
barometer.  It  is  affected  instantly,  though  only  transitorily, 
by  the  distant  Aurora — by  the  streams  of  richly  coloured 
light  which  shoot  in  bright  flashes  across  the  polar  sky.  When 
the  ordinary  horary  movement  of  the  needle  is  interrupted 
by  a  magnetic  storm,  the  perturbation  manifests  itseK,  often 
simultaneously  in  the  strictest  sense  of  the  word,  over  laud 
Hsd  sea,  over  hundreds  and  thousands  of  miles ;  or  propa- 
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gates  itself  gTadnally,  in  Bhoit  intervals  of  time,  in  evaej 
direction  over  the  surface  of  the  Earth.  {'*')  In  the  &ctsk 
ease,  the  simultaneitj  of  the  phtenomena  maj  serve,  like 
ocoultatioiiB  of  Jupiter's  aatellitesj  ot  like  fire  signals  and 
shooting  stars,  to  delermine  within  cfxtain  limits  geogra- 
phical differences  of  longitude.  We  recognise  with  wonder 
and  adnuration,  that  the  movements  of  two  small  magnetio 
needles,  even  if  suspended  at  depths  beneath  the  surface 
of  the  Earth,  should  measure  the  distance  which  divides 
them  from  each  other;  that  they  should  tell  us  how  far 
Kasan  is  situated  east  of  Gtittingen,  or  of  the  banks  of  the 
Seine.  There  are  parts  of  the  Earth  where  the  mariner,  who 
has  been  enveloped  for  many  days  in  fc^,  setang  neither 
Bun  oor  stars,  and  having  no  means  of  determining  time, 
may  know  with  certainty,  by  an  observation  of  the  msgnetie 
Inclination,  whether  he  is  to  the  north  or  south  of  the  port 
which  he  desires  to  enter.  ('**) 

When  the  sudden  intermption  or  disturbance  of  the 
'horary  movement  of  the  needle  announces  the  presence  of  a 
magnetic  storm,  we  are  unhapfoly  still  nnable  to  determine 
tlie  seat  of  the  perturbing  cause,  whether  it  be  in  the 
crust  of  the  earth,  or  in  the  upper  regions  of  the  atmo- 
sphere. If  we  regard  the  earth  as  an  actual  m^net,  we 
know  from  the  profound  investigator  of  a  general  theory  of 
terrestrial  magnetism,  Friedrich  Gauss,  that  to  each  portion 
of  the  globe  one-eighth  of  a  cubic  metre  in  volume,  we  must 
assign  on  average  amount  of  magnetism  equal  to  that  con- 
taiued  in  a  magnetic  bar  of  1  lb.  weight.  ('*")  If  iron  and 
nickel,  and  probably  cobalt  (but  not  chrome,  C*^)  as  wa* 
long  believed),  are  the  only  substances  which  become  per- 
manently magnetic,  and  by  a  certain  coercive  force  letain 
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polarity,  the  phteaomeOB  ai  Ango'B  nu^etism  of  rotation, 
and  of  Farada/s  induced  omrento,  on  the  other  hand,  sliew 
the  probability  that  all  terrestrial  Bubstances  are  cap^Ie  of 
assomiBg  trausitfey  maguetia  relations.  According  to  the 
rotation  experimenta  of  the  farmer  of  these  tvo  great 
physicists,  vater,  ioe,(>*')  glass,  carbon,  and  mercuryj  a^ct 
ibe  vibrations  of  a  needle.  Almost  all  substances  shew  thoo- 
eelves  in  a  certain  degree  magnetio  when  ibvf  are  acting  aa 
oondoctora ;  that  is  to  say,  when  a  cunent  of  electridtj  in 
passing  through  them. 

Although  a  Icoowledge  of  ^  attracting  power  of  Ute 
loadstone,  or  ol  naturaliy-tnsgnetdc  iron,  appears  to  hara 
existed  from  time  immemorial  among  the  nations  of  the 
West,  yet  it  k  a  weH-establi^ied  and  very  remarkable  his- 
torical &ct,  that  the  knowledge  of  the  directire  power  of  a 
magnetic  needle,  resulting  from  its  relation  to  the  magnetism 
uf  the  Earth,  was  possessed  exclusively  by  a  people  occupying 
the  eastern  eKtreinit;  of  Asia,  the  Chinese.  More  than  a 
thousand  years  before  onr  era,  at  the  obscnrely  known 
epoch  of  Codms  and  the  return  of  the  Keradidea  to  the 
Peloponnesus,  the  Chinese  already  employed  mimetic  cus, 
on  which  the  figure  of  a  man,  whose  moveable  ont- 
Btretched  arm  pointed  always  to  the  south,  guided  them 
on  thdr  way  across  the  vast  grassy  plains  of  Tartary ; 
and  in  the  third  century  of  onr  era,  at  least  700  years 
before  the  introduction  of  the  compass  in  the  European 
seas,  Chinese  vessels  navigated  the  Indian  Ocean ('*b)  witjk 
needles  pointing  to  the  south.  I  have  shewn  in  another 
workC*")  what  great  advantages  in  topographical  know- 
ledge  the  magnetic  needle  gave  to  the  Chinese  geogra* 
phers  over  their  Greek  and  Soman  contemporaries,  to  whonij 
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for  example,  the  true  direction  of  tbe  monntaiii  Chfdns  of 
the  Apennines  and  Pyrenees  ^vrays  lemained  unknown. 

Tlie  m^netic  force  of  our  planet  is  manifested  at  its 
euiface  by  three  classes  of  pluenomenc: ;  one  of  these  is  the 
fturying  intensity  of  the  force,  and  the  other  two  its  varying 
diiection,  shewn  in  the  intUnation  of  the  magnetic  needle 
in  the  vertical  plane,  and  in  its  declination  from  the  geo- 
graphidd  median.  The  aggr^ate  effect  may  therefore  be 
represented  graphically  by  three  systems  of  lines,  called 
iBodynamic,  isocUnal,  and  isogonic ;  or,  of  equal  force,  equal 
dip  or  inclination,  and  equal  vuiation  or  declination.  The 
distances  apart,  and  the  relative  as  well  as  absolute  positions 
of  these  hues,  aie  undogoing  continnal  chaise.  At  parti- 
cular points  on  the  Earth's  surface,  (>^)  for  example  in  the 
western  part  of  the  AntiUes,  and  in  Spitzb^en,  the  mean 
declination  of  the  magnetic  needle  has  scarcely  undei^ne 
any  sensible  chaiig(«  in  the  course  of  the  last  hundred  years. 
Elsewhere,  when  the  isogonic  curves,  in  their  secular  move- 
ment, pass  from  the  stirface  of  the  sea  to  that  of  a  continent 
or  island  of  considerable  est«nt,  they  appear  to  be  retained 
for  a  time,  and  the  curves  become  thereby  inflected.  The 
gradual  change  in  the  forms  of  the  hnes  which  accompanied 
their  translation,  and  modifies  the  extent  of  the  spaces  which 
are  occupied  by  east  or  west  declinatirai,  makes  it  difGcult 
to  recognise  the  nature  of  the  chuiges  and  the  analogies  of 
form  in  graphic  representationB  bdonging  to  different  cen- 
turies. Each  branch  of  a  curve  has  its  history ;  but  in  no 
case  does  that  history  reach  farther  back,  among  the  nations 
of  the  West,  than  to  that  memorable  epoch  (13th  Sept., 
1192),  when  the  re-discoveret  of  the  new  world  found  the 
line  of  no  variation  three  d^ees  to  the  westward  of  tlie 
toeridian  of  tiie  Island  of  Elores,  one  of  the  group  of  the 
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A2ores,("')  At  the  present  time  the  whole  of  Entopc, 
with  the  exception  of  a  small  part  of  Bussio,  has  west  d&- 
clinatJon.  This  only  began  to  be  the  case  late  in  the 
17th  century,  the  needle  having  first  pointed  due  north  in 
London  in  1657,  and  in  Paris  in  1669,  an  interval  of 
twelve  years,  notwithstanding  the  small  distance  which 
divides  these  two  capitals.  In  eastern  Eussia,  east  of 
the  month  of  the  Vol^  of  Saratow,  Nishni-Nowgorod, 
and  Archangel,  the  easterly  declination  of  Asia  is  advancing 
towards  ns.  In  the  wide  extent  of  Northern  Asia,  two 
exedlent  observers,  Hansteen  and  Adolph  Erman,  have 
traced  the  extraordinary  double  curvature  of  the  declination 
lines,  which  are  concave  towards  the  pole  between  Obdorsk 
oil  the  Obi  and  Turuchansk,  and  convex  between  Lake 
Baikal  and  the  Gulf  of  Ochotsk.  In  this  last-named  por- 
tion of  the  earth,  in  North-eastern  Asia,  between  the 
Werchoiausk  Mountains,  lakoutsk,  and  Northern  Corea, 
the  isogonic  lines  form  a  remarkable  closed  system.  This 
oval  form("")  is  repeated  with  still  greater  regularity,  and 
on  a  larger  scale,  in  the  Pacific  Ocean,  nearly  in  the  meridian 
of  Pitcaim  Island  and  the  group  of  the  Marquesas,  between 
20°  N.  and  45°  S.  latitude.  "We  might  be  inclined  to 
regard  so  singular  a  configuration  as  the  effect  of  local 
peculiarity  in  those  parts  of  the  earth ;  but  if  these 
apparently  isolated  systems  are  found  to  change  their  place 
progressively  in  the  course  of  centuries,  we  must  conclude 
that  these  phEenomena,  hke  oil  great  natural  facts,  appertain 
to  a  general  system,  and  have  a  general  eanse. 

The  horary  variations  of  the  dechnation  are  apparently 
governed  by  the  sun  whilst  that  body  is  above  the  horizon  at 
any  spot;  th^  also  decrease  in  angular  value  with  the  decrease 
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of  mt^etic  latitade :  near  the  equator,  in  tiie  Isltmd  of  Bawak, 
tat  example,  they  barely  amount  to  three  or  four  minutes, 
while  in  middle  Europe  they  attain  to  thirteen  or  foiirteea 
minutes.  Throughout  the  northern  hemisphere  the  move- 
ment of  the  DoriJi  end  of  the  needle  from  8^  a,m.  to  1-J  p.m. 
or  thereabouts,  is  from  east  to  west ;  and,  as  at  the  same  honrs 
n  the  soatbem  hemisphere,  the  same  end  of  the  needle 
moves  in  the  opposite  direction,  or  from  east  to  west,  atten- 
tion  has  been  justly  called  C^)  to  the  presumption,  tiiat 
there  must  be  a  region  of  the  earth,  probably  b^ween  the 
terrestrial  and  magnetic  equators,  in  which  no  horai;  varia- 
tion of  the  declination  is  sensible.  This  fourth  curve,  which 
might  becalledthecurveof  no  motion,  or /in«0/')ta  horary 
variation  of  the  declination,  has  not  yet  been  found. 

The  name  of  magnetic  poke  has  been  apphejl  to  those 
points  on  the  Earth's  surface  where  the  horizontal  force 
disappears,  and  to  these  points  more  importance  has  been  at- 
tached than  properly  belongs  to  them ;  C^)  in  like  manno' 
the  curve  on  wliich  the  needle  lias  no  inclination,  but  rests 
in  a  horizontal  direction,  has  been  called  the  magnetit 
equator.  The  position  of  this  line,  and  its  secular  change 
of  form,  have  of  late  years  been  objects  of  careful  investiga- 
tion. According  to  the  excellent  memoir  of  Duperrey('^), 
who  crossed  the  magnetic  equator  six  times  between  1822 
and  1S25,  the  nodes  or  intersection  of  the  two  equators,  or 
tiie  two  points  at  which  the  line  without  inclination  crosses 
the  geographical  equator  and  passes  fcom  one  hemisphere 
into  the  other,  are  unequally  distributed;  in  1825,  the  node 
near  the  Island  of  St.  Thomas  on  the  West  Coast  of  Africs^ 
was  188^°  from  the  node  in  the  Pacific,  which  is  near  the 
■mail  islands  called  Gilbert  Islands   (nearly  in  the  meridun 
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of  the  Titi  Island).  At  the  comnuncemettt  of  the  present 
ceutaiy,  I  detennined  the  point  where  the  magnetic  equ&tor 
crosses  the  chain  of  the  Andes,  in  the  interior  of  the  new 
condnent,  between  Quito  and  linu,  at  an  elevation  of 
nearly  12000  English  feet  above  the  level  of  the  sea,  in 
7°  1'  S.  lat.,  and  48°  40'  W.  long,  bam  Paris.  To  the 
west  of  this  pointy  throughout  almost  the  whole  breadth  of 
the  Pacific,  the  line  without  dip,  or  m^netic  eqiutor^ 
though  slowly  aj^noaching  the  geof^i^cal  equator,  conti* 
□ues  in  the  southern  hemisphere ;  in  the  viciuity  of  the 
ludiao  Bichipelago  it  passes  into  the  northern  hemisphere^ 
just  touches  the  soathem  point  of  Asia,  and  enters  the  con- 
tinent of  A&ica  near  the  strait  of  Bab-d-Maodeb,  which  is 
the  point  of  its  greatest  distance  from  the  geographio 
eqnatoT.  Thence,  traversing  the  terra  incognita  of  the 
hiterioi  of  A&ica  in  a  south-westerly  direction,  it  re-enters 
the  sonthero  honisphere  in  Hie  Gulf  of  Guinea,  and,  main- 
laiuing  a  south-westerly  oonrse  acroae  the  Atlantic,  reaches 
the  Brazilian  coast  near  Os  Qheoa,  north  of  Porto  Seguro^ 
in  15°  S.  lat.  From  thence  to  the  elevated  plateau  of  the 
Cordilleras,  where  I  observed  the  indination  at  a  spot  be- 
ween  the  silver  mines  of  Miciiipampa  and  the  ancient  seat 
of  the  Incas  at  Caxamarca,  the  line  traverses  a  part  of 
Sooth  America  ae  unknown  to  us  as  the  interior  of  Africa. 

Recent  observations,  collected  and  discussed  by  Sabine('^), 
have  taught  ns  tliat,  in  the  interval  between  1825  and  1837, 
the  node  near  the  Island  of  8t.  Thomas  moved  4°  from  the 
east  towards  the  west.  It  wonld  be  extremely  important  to 
leara  whether  the  opposite  node  near  the  Gilbert  Islands  in 
the  Pacific,  has  undeigone  a  corresponding  west«rly  move- 
ment,  and  advanced  an  equal  amount  towards  the  D[ieridiaii 
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of  the  Garoliuas.  Id  investigating  the  laws  of  terrestrial 
magnetism,  it  is  no  slight  advantage  that  foor-finiis  of  the 
magnetic  eqnator  are  oceanic,  and  ue  Urns  easily  accessible!, 
and  that  we  now  possess  the  means  of  detetminiog  the  de- 
clination and  inclination  on  board  ship  with  great  exactness. 
The  changes  which  alter  the  places  of  the  nodes,  and  modify 
the  form  of  the  magnetic  eqaator,  are  felt  in  the  remotest 
regions  of  the  earth,  where  also  they  produce  chaises  of  ihs 
iadination  and  of  the  magnetic  latitude.  ("7) 

We  have  spoken  of  the  distribution  of  magnetism  on  the 
surface  of  our  planet  according  to  the  two  forms  of  declina- 
tion and  inclination ;  it  still  remains  to  notice  the  third 
form,  that  of  the  intensity  of  the  force,  which  is  expressed 
graphically  by  isodynaiaic  curves,  or  curves  of  eqnal  inten- 
sity. The  investigation  and  measorement  of  this  force  by 
means  of  the  oscillations  of  a  vertical  or  horizontal  needle, 
has  excited  a  general  and  lively  interest,  which,  in  its  appli- 
cation to  the  distribution  of  the  m^netic  force  on  the 
surface  of  the  globe,  commenced  with  the  present  century. 
By  the  apphcation  of  refined  optical  and  chronometrical 
means,  the  measurement  of  the  horizontal  force,  in  par- 
ticular,  has  become  susceptible  of  a  degree  of  accuracy 
exceeding  that  of  all  other  magnetic  determinations. 
Doubtless  the  isogonic  lines  are  of  the  greatest  practical' 
importance,  from  their  use  in  navigation ;  but  in  respect  to 
the  theory  of  terrestrial  magnetism,  the  isodynamic  lines  are 
those  from  which  the  most  fruitful  results  are  expected.  C^) 
The  first  fact  in  reference  to  tbese  hues  which  direct  obaerva- 
lion  made  known  was  the  increase  of  the  intensity  of  the  total 
force  in  proceeding  from  the  equator  towards  the  po]e.(***}" 

It  is  to  the  unwearied  activity  of  Edward  Sabine,  frtmi  the 
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year  1819  to  &a  present  time,  that  we  are  principally  ia- 
dflbted  for  the  knowledge  of  the  variations  (£  the  magnetic 
intenmt  J  over  tiie  whole  sni&ce  of  the  gjobe,  uid  for  tttoi 
laws  so  &r  aa  WB  an  yet  able  to  infer  tlienu  After  having 
himself  vibrated  the  same  needles  in  the  vicinity  <^  ^^ 
Kor^  Ammcan  polej  in  Qieenland,  in  Spitzbei^en,  on  the 
coast  of  Qoinea,  and  in  Brazil,  he  has  been  o(autaatly 
engaged  in  odlecting  and  co-ordinating  all  the  materiab 
c^nble  of  elncidating  the  great  qnestion  of  the  isodynamie 
lines.  The  Srst  sketch  <^  an  isodynamic  system  divided 
into  zones  was  given  by  myself,  for  a  small  portion  of  South 
America.  The  isodynamic  lines  are  not  parallel  with  the 
isoc^al  lines;  the  intensity  is  not,  as  was  first  supposed, 
weakest  at  the  m^netic  eqnator,  nor  is  it  even  equal  at  bU 
parts  of  that  line.  If  «e  compare  Ennan'a  observationB 
(0-706),  in  the  soathou  part  of  the  Atlantic  ocean,  where  a 
Eone  of  weak  intensity  extmds  from  Angola  past  the  Island 
of  St.  Helena  to  the  Coast  of  Brazil,  with  ^le  most  recent 
observations  of  the  great  uav^ator  J&mea  Chirk  Boss,  we 
find  that  on  tiie  surface  of  onr  planet  the  force  aogmenta 
almost  in  a  ratio  of  1  :  S.  The  highest  intensity  which  has 
been  measured  is  2-071,  in  lat  60°  IS'.and  long.  131°  SO' 
E.  from  Greenwich.  ('^)  These  values  are  expressed  in 
tatoa  of  the  scale  of  which  the  unity  is  the  intensity  which 
X  pbserved  <m  the  magnetic  equator,  in  the  north  of  Fern. 
In  Melville  Island  (74''  27'  K.),  in  the  neighbourhood  of 
the  uortjiem  magnetio  pole,  the  force  was  foond  by  Sabine 
only  1-6^,  while  at  Kew  York  in  the  United  States,  almost 
in  the  same  latitnde  as  Naples,  he  fonnd  it  1*803. 

The  brilliant  discoveries  of  Oersted,  An^,  and  Jj'aradt^, 
have  established  intimate  relations  betweei^  tiie  i^eotrio 
vpi.  I,  Q 
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tmeioi]  of  tiie  atmoisphere  and  the  m^netic  dnwge  of  the 
EarUi.  Aocording  to  Oersted,  a  condactor  is  rendoed 
magnrtic  b^  the  dectiical  coirent  whic^  passra  nlcmg  it. 
According  fa  VvtAaj,  magnetifim  gives  rim,  bf  iaAacHoaf 
to  dectrical  currentB.  l^os  ota^etism  is  oi»  of  tfas 
manifold  fonnB  wider  which  ekctiicity  shews  itself;  and 
tiie  «acieBt  obscnre  ptesestimKLt  of  the  identity  of  electiio 
•nd  magnetic  attraction  has  be«i  realised  in  oar  own 
days.  PIiny,{^^i)  in  accordance  with  Thales  and  the  lonio 
school,  says,  "1^  electrum  (ambo:),  when  animated  by 
friction  and  waimth,  attracts  frs^ente  of  bark  and  day 
leaves,  jart  as  the  magnetic  stone  does  iron."  We  find  a 
remark  to  the  same  efiect  in  a  speech  of  the  Chinese  philo- 
sopher Kaopho  in  praise  of  the  viitoes  of  the  magnet.  ('^^ 
It  was  not  without  eur|a^  th&t  I  noticed,  aa  the  shores  c^ 
tiie  Orinoco,  children,  belongmg  to  tribes  in  the  lowest 
stage  of  barhariun,  amnaing  thraudves  by  rabbing  the  dtyi 
iat,  shining  seeds  of  a  leguminoiu  dnnlMiig  pkot  ({ffobably 
t  Negretia),  fn  the  purpose  of  cansii^  them  to  attnot 
fibres  of  «otton  or  bamboo.  It  was  a  si^  well  fitted  to 
leave  on  the  mind  of  a  thooghtfol  spectator  a  de^  end 
serious  impreEsion.  How  wide  is  the  interval  which  seps^ 
rates  the  simple  knowledge  of  the  excitement  fflf  electricity 
by  friction,  shewn  in  the  sports  of  these  naked  wpper^ 
coloured  children  of  the  forest,  from  the  invention  of  a 
metallic  conductor  which  draws  the  lightning  from  tbt 
atonU'Clond, — of  the  voltaic  pile  Noting  chemical  doMBa- 
pDsition, — of  a  magnetic  apparatus  evolving  l^ht, — and  of 
the  magnetic  -telegr^h  I  Svuih  intervala  of  separation  aie 
equivalent  to  thousands  of  years  in  the  pn^press  and  intd* 
Itetoal  development  of  tlie  human  race. 

„,C,K,gle        ■ 
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TIi«  perpetual  fluctuation  observed  in  all  the  magnetie 
^hteaoinena,  in  the  inclination,  declination,  utd  intennt;  of 
tile  foroe,  ftccot^ng  to  the  honn  of  the  day  uid  even  of  tbs 
sight,  the  Mason  of  the  year,  and  the  lapse  of  yean,  leads  to 
the  belief  in  the  existenoe  of  veir  verions  and  complicated 
sratems  of  dectnc  cnncntB  in  the  crust  of  the  Earth.  (")} 
Are  these,  as  in  SeebeeVs  experiments,  simple  thennoh 
magnetic  correntfi,  the  immediate  eSeot  of  nneqaal  dis- 
tribution of  beat,  or  carrots  induced  hj  the  calorific 
action  of  the  8tm  f  Has  the  rotation  of  the  Earth,  and  the 
Telocity  ofite  different  KHieB  according  to  their  diat«iice  from 
the  eqnatoT,  say  influence  on  the  distribution  of  m^netiam  f 
Is  tiie  aonrce  of  magaetio  aotian  to  be  sought  in  the  atmo- 
cphera,  or  in  the  interplanetary  spaces,  or  in  a  polarity  of 
tiie  Son  and  Moon  P  G^ileo,  in  his  celebrated  "  Bialogo," 
ascribes  the  constant  pwallel  direction  of  the  Earth's  aiis  to 
•  center  of  magnetic  attraction  existing  in  space. 

If  we  conceive  the  interior  of  the  Earth  to  be  moltoi, 
flubject  to  nuffmons  preeante,  and  raided  to  a  temperature 
fsr  which  we  poBsess  BO  measure,  we  must  renonnce  the 
idea  of  a  magn^c  nucleus.  Though  at  a  white  heat  aK 
Bu^netism  disappears,  ('**)  it  is  still  sensible  in  iron  heated 
Co  a  dark-red  glow;  and  whatever  may  be  the  modiflca- 
tioDS  which,  in  these  experiments,  the  molecular  condition 
and  consequently  the  coereitive  force  undergo^  (here  must 
•^  remain  a  considerable  thieknesB  of  terrestrial  Btrata,  iA 
which  we  mi^t  seek  the  seat  of  the  magnetic  anrrantB.  In 
the  old  explanation  of  the  horary  variationa  of  t}ie  dedin& 
tioii,  by  the  progresive  warming  of  the  Earth  by  the  8im 
io  his  apparent  omrse  from  east  to  west,  the  aoti<m  woidd 
indeed  be  limited  to  tiie  extreme  extoiorfU&ee;  IwttMi- 
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mometen  ennlc  in  the  Earth,  whi<^  are  now-  Bccuratelf^ 
ttbseired  at  jnaaj  ^aoee,  show  how  slowly  the  heat  of  ths 
Sod  penetrates  even  to  the  small  depth  of  a  few  feet* 
MoreoTM,  the  thenuio  condition  of  the  sorKkce  of  the  sesa 
which  covers  tvo-tiiiidg  of  the  planet,  b  but  httle  favonntUs 
to  an  e^qilanation  assuming  an  inunediate  influence,  and  no^ 
an  induced  action  proceeding  from  the  gaseous  and  aqueoni 
strata  of  the  atmosphere. 

In  tiie  present  state  of  oor  knowlede,  no  satas&etoiy 
.leply  can  be  given  to  questions  respecting  the  ultimate 
physical  causes  of  phEBnomena  so  complex.  On  the  ofiher 
'{umd,  that  part  of  the  subject  which,  in  the  threefold  manir 
iestations  of  the  Earth's  magnetic  force,  presents  relations 
admitting  of  measurememt  in  regard  to  space  and  tim^ — and 
which  leads  us  to  discern,  amidst  constant  and  apparently^ 
,irregalar  changBj  the  order  and  dominion  of  laws, — ^ha^ 
recently  made  the  most  briUiant  progress  in  the  determine 
tion  of  mean  numerical  values.  Prom  Tcoonto,  in  Canada,  to 
the  Gape  of  Good  Hope  and  Van  Diemen's  Land,  and  from 
-Sanp  to  Fekin  since  1&28,  the  globe  has  been  covered  by 
maffnetie  observatorie»,  in  whidi  every  movement  or  maav 
festataon,  r^ular  and  irr^nlar,  of  the  Earth's  Mt^netie 
ioice,  is  watched  by  unintoFn^ited  and  siinultaneouB  obs^^ 
vation,  A  variation  of  ^^1-%^  of  the  nx^netio  intensttjy 
'is  measured.  At  certain  c^ch?  obsoratious  are  takes 
jA  intervals  of  two  minutes  and  a  half,  and  are  continued 
;duripg  twc!B^-four  consecutive  hours.  A  great  En^i^ 
.astronomer  and  physioalphOosopher,hascomputed{'*')  that 
^e  mam  of  observatiDnB  to  he  discussed  amount  in  three 
;yean  to  1058000.  ^ever  before  has  an  effort  so  grand, 
j|it4  ap  worthy  of.  admiiatioo,  been  made  to  investigate  the 
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guantitattw  m  tite  lawi  of  one  of  the  great  pluenoinen&  of 
lutnre.  We  maj  therefore  justly  hope,  that  these  laws,  whea 
compared  witfi  those  which  prevail  in  the  atmosphov  and 
in  stall  more  dktant  spaces,  will  gradnally  conduct  as  near» 
to  the  genetical  explanation  of  the  m^nelic  forces.  At 
yet  we  can  onlj  boast  of  having  opAied  a  greater  nnmber  of 
|i8thB  wUch  may  possibly  lead  to  snch  explanation.  In  tlie 
physical  theory  of  ierreatrial  magnetiam  (which  most  not  be 
leonfotinded  with  its  pnrdy  mathematical  theory),  as  in  that 
of  the  meteorolt^cal  processee  of  the  atmo^bere,  a  premft- 
tore  satis&ction  can  oiJy  be  obtained  by  those  who  permit 
tiumeelves  to  set  aside  as  erroneous,  all  those  phenomena 
trbieh  are  inconnstent  with  their  own  views.  (>") 

Tellnrio  magnetisni,  and  the  electro-dynanuc  forces  mear 
nired  by  the  ingenious  Amp^,  (>b7}  an  intimately  coiu 
nected  both  with  the  terrestzial  or  polar  light  (Aurora),  and 
with  the  external  and  internal  temperature  of  ooi  plfuirt, 
whose  magnetic  poles  have  been  i^arded  by  some  philosopbecs 
as  poles  of  cold.  ('**)  That  which,  more  than  130  years  ago, 
galley  (i^^)  put  forward  as  a  bold  conjecture,  viz.  that  the 
Aurom  is  a  m^netic  phenomenon,  has,  by  I'araday's 
brilliant  discovery  of  the  evolution  of  light  by  the  actioa  of 
magnetic  forces,  been  raised  from  a  mere  conjecture  to  as 
espenmental  certainty.  There  are  precursors  of  the  Aurora ; 
tiie  luminous  nocturnal  appearance  is  usually  foretold  1>j 
antecedent  irregularity  in  the  diurnal  march  of  tJie  magnetic 
fieedle,  indicating  a  disturbance  in  the  eqqihbrium  of  the, 
^iafcribnUoa  of  the  Earth's  magnetism.  When  the  disturb-, 
ance  has  reached  a  great  degree  of  intenmty,  ^e  eqi^libdoBt 
ilteitored  by  a  discharge  accompanied  by  an  evolution  of 
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light.  The  Aaron  ('T")  is  not,  thenfore,  to  be  iteulf  m, 
garded  as  a  caose  oS  tbe  pertmbation,  but  at  the  result  of 
n  state  of  t«lliffic  actirily  eicit«d  to  the  production  of  a 
luminona  phntuuneBOJi;  tm  activity  which  maiiifegts  itaeli^ 
0&  the  one  hand,  by  the  fluctnatioTis  of  the  needlcj  and,  aa 
^s  other,  bj  the  appesraocw  of  the  biiiliaBt  auKnal  li^ik 
The  magnificent  phtenomenon  of  oolooied  polar  light  is  tht 
got  of  diedia^i  the  tenuination  of  a  magnetic  stonn, — h 
in  the  electric  atana,  an  evolution  of  light  (lightning)  indi. 
oates  the  nstoration  of  tlie  equiUbiinm  in  the  distribatioa 
of  tile  electndty.  The  electncal  storm  is  UBnatly  confined 
jto  a  small  space,  beyond  which  the  state  of  eteotricit^  in  tbc 
atmosphere  lemaine  ouchanged.  ^e  magnelio  storm,  09 
the  contraiy,  manifests  its  influence  on  the  maroh  of  the 
taeedle,  over  large  portioiis  d  contfaients,  scd  for  from  tbe 
place  where  the  evolntiun  of  light  is  visiblo,  as  was  first  ie> 
discovered  in  our  own  age  by  Arago.  It  is  not  improb^le 
tliat^  as  donds  of  threatmng  qipearance  and  heavily 
charged  with  electricity,  do  not  always  proceed  to  the  pcnnt 
of  dischaige  by  Hghtning,  owing  to  frequent  tranrations  in 
the  electrical  state  of  the  atmosphere,  so  magnetic  storms 
tatay  produce  great  disturbances  in  the  ordinary  diurnal 
march  of  the  m^etic  needle  ovex  a  wide  range,  without 
its  necessarily  fbllowitig  that  the  eqiuhbrium  of  distribntiCT 
most  be  restored  by  explosion,  or  by  luminous  effusions  from 
ttie  p(de  to  the  equator,  or  from  pole  to  pole. 

li  we  desire  to  cdkct  into  one  view  all  the  features  of  the 
phenomenon,  we  may  describe  the  commencement  and 
successive  phases  of  a  complete  appearance  of  the  Aurora  H 
follows ;— ^Iiow  down  on  the  horison,  about  the  part  whae 
it  is  intersected  by  the  magnetic  meridian,  the  akj,  wladi 
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Idiog  ft  dense  bank  or  haze^  whicli  gradually  met  and 
attains  ft  lieight  of  ei^t  or  tea  d^reea.  The  coloni  of  thflf 
4&rk  B^ment  passes  into  biown  or  violet,  uid  Btais  are 
visible  tbioogh  it  as  in  a  part  of  tlie  sky  obscured  by  thick 
^oke.  A  broad  lominoas  arch,  first  wbite,  then  yellow^t 
Vounda  the  dark  segment;  but  as  tiie  bright  arch  does  nai 
appear  tmtil  after  the  segment,  Argelander  considers  that 
the  latter  cannot  be  attribated  to  the  mere  effect  of  contrast 
with  its  bright  margin.  (">)  The  azimnth  of  the  highest 
point  <^  the  lonusoua  azch,  when  carefully  measured,  {"^ 
has  been  usually  found  not  qoito  in  the  magnetic  meridiaUf 
but  &om  fiv«  to  eighteen  decrees  from  it,  on  the  sidd 
tonards  which  the  magnetic  dedination  of  the  place  is 
directed.  In  high  north^n  latitudes  in  the  near  vicinity 
of  the  magnetic  pole,,  the  dark  segment  appears  less  dark, 
and  sometunea  is  not  seen  at  all ;  and  in  the  eame  locali- 
ties, whcze  the  horizontal  magnetic  force  is  weakest,  the 
middle  of  the  luminous  arch  deviates  most  widely  from  the 
magnetic  meridian.  The  luimooos  aich  undergoes  frequent 
fluctuations  of  form ;  it  remains  sometimes  for  hours  before 
rays  and  streamers  are  seen  to  shoot  from  it  and  rise  to  the 
senith.  Tbe  more  intense  the  discharges  of  the  Aurora,  the 
^Dore  vivid  is  the  play  of  colours,  from  violet  and  bluish- 
,  white  through  all  gradations  ia  green  and  crimson.  In  the 
commoQ  electricity  excited  by  Erictiot^  it  is  also  found  that 
the  spark  becomes  coloured  only  when  a  violent  explosion 
foQowB  high  tension.  At  one  moment  the  magnetic  streameia 
^ise  singly,  and  are  even  interspersed  with  dark  rays,  r& 
(oabling  dense  smoke;  at  another  thqr  shoot  upwards 
nmultanecusly  from  many  and  oppoEdlc  poiata  of  the  hori- 
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won,  and  oiiite  in  a  quivering  sea  of  flame,  the  spleadoor  oi 
wMdi  no  descriptioa  can  reat^,  for  every  instant  its  brighi 
waves  assume  new  forma.  The  intensity  c^  this  tight  is 
sametimes  so  great,  that  Lowenom  (S9th  January,  1786) 
ctiscemed  its  corruscations  during  bright  sunshine.  Motion 
increases  the  visibOity  of  the  ph^euomenan.  The  i&ja 
finally  cluster  lound  the  point  in  the  sky  corresponding  to 
tfae  direction  of  the  dipping  needle,  and  there  form  what  is 
called  the  corona — a  canopy  of  light  of  milder  radiance^ 
streaming,  bnt  no  longer,  undulating.  It  is  on^  in  rare 
cases  that  the  pkeenomenon  proceeds  ao  f ar  as  the  complete 
formation  of  the  corona ;  but  whenev^  this  takes  place,  the 
Asplay  is  tenninated.  The  streamers  now  become  iewer, 
shorter,  and  less  intensely  coloured ;  the  corona  and  tbs 
luminous  arches  bretdc  up,  and  soon  nothing  is  seen  but 
itiegulaily  scattered,  broad,  pale,  shining  patches  of  an 
ashy-grey  colour ;  and  even  these  vanish  before  the  trace 
of  the  original  dark  segment  has  disappeared  from  the 
horizon.  The  last  that  remains  of  the  whole  spectacle 
is  often  merely  a  white  delicate  cloud,  feathered  at  the  edges, 
or  .broken  up  into  smalt  lOund  masses,  Hke  cirro  cumuli. 

This  connection  of  the  polar  hght  with  the  moat  delicate 
drrons  clouds  deserves  particular  attention,  because  it 
shews  jta  the  electro -magnetic  evolution  of  light  as  part  of  a 
meteorological  process.  The  magnetism  of  the  Earth  is 
here  exhibited  in  its  influence  on  the  atmosphere,  and  on  tha 
condensation  of  aqneous  vapour.  The  observation  of 
Thienemann,  in  Iceland,  who  regarded  tiie  light  detached 
fleecy  etouda  as  the  substratum  of  the  Aurora,  has  been 
confirmed  in  modem  times  by  Franklin  and  lUcbardson 
in  the  neighhoui'bo&d  of  the  American  magnetic  pole,  aud 
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by  Vfimgd  on  the  Kberian  coast  of  the  Folar  Sea. 
Th^  all  lemBrk,  that  the  Aurora  shoots  forth  the  most 
vivid  rays  when  m&sses  of  cirro-stnti  are  horeriog  in  tha 
upper  region  of  the  atmosphrav,  and  when  they  are  so  thin 
tliat  their  presence  can  only  be  discovered  by  the  formation 
of  a  halo  round  the  Hoon.  "niese  clouds  sometimes  ar- 
range themselves  in  the  day-time  like  the  raya  of  the 
Aurora  J  and  in  such  cases  the  movements  of  the  needle 
ue  similarly  affected  by  them.  After  a  gre^  noctomal 
display  of  Aurora,  there  have  been  recognised  eariy  in  the 
morning  the  same  streaks  of  cloud  which  had  before  been 
luminous.  ('*•)  Tbe  apparently  converging  "polar  hands'* 
(streaks  of  cloud  in  the  direction  of  the  magnetic  meridian)^ 
which  continually  engaged  my  attention  during  my  journeys 
both  on  the  high  table  lands  of  Mexico  and  in  Northern 
Asia,  belong  ptobablr  to  the  some  group  of  diurnal  plueno- 
mena.  ("*) 

Southern  lights  have  beoi  repeatedly  seen  in  England  by 
Dalton,  and  northern  lights  have  been  seen  in  the  southern 
hemisphere  as  &r  as  45°  S.  latitude  {14th  January,  1831) ; 
it  not  un&equently  happens,  also,  that  the  magnetic 
equilibrium  is  simultaneously  disturbed  in  the  direction  of 
both  poles.  I  have  distinctly  ascertained  that  the  polar 
light  has  been  seen  within  the  tropics,  in  Mexico  and  Fem^ 
It  is  necessary  to  distinguish  between  the  sphere  of  simul- 
taneons  visibility  of  the  phtenomena,  and  the  zones  of  the 
Earth  in  which  it  ia  seen  almost  nightly.  Every  observer 
certainly  sees  his  own  Aurora  as  well  as  his  own  rainbow ; 
but  the  phenomenon  of  the  effusion  of  light  is  generated 
by  a  large  portion  of  the  Earth  at  once.  Many  nights  may 
be  cited  when  it  was  observed  simultaneously  in  England 
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«od  iu  Fennsylvama,  at  Borne  and  ai  i^^is.  Wh(^a  it  is 
stated  that  Auroras  decrease  in  frequency  and.  brilliancy 
with  decrea3iiig  latitode,  it  must  be  undetstood  of  magnetio 
latitude.  Whilst  an  Aniora  is  a  very  rve  ocourrence  in 
Italy,  it  is  extremely  common  in  the  same  latitude  in 
Philadelphia  (39°  57"),  owing  to  ihe  vicinity  of  the  Ame^ 
jican  magnetic  pole;  and  in  Iceland,  Greenland,  New-, 
fciundland,  en  the  shores  of  the  Slave  hake,  and  at  Frat 
Enterprise,  Uie  "  meny  dancers,"  {"')  as  the  inhabitanta 
of  the  Sh^Jand  Islands  call  the  quivering  and  varioualy- 
colonred  rag's  of  the  Aurora,  are  seen  dtuing  certain  seasona 
of  the  year  almost  every  ni^t.  But  even  in  those  parts 
of  the  new  continent  and  ttf  Sberia  which  are  distin- 
guished by  the  frequency  of  the  phienom^OB,  there  may  bet 
said  to  be  different  diBtricts  or  zones  of  longitude  in 
vrhich  it  shews  itself  with  peculiar  splendoui.  ("^}  Wrangel 
saw  its  brilliancy  diminish  at  IS^isbni  Kolymak,  as  he  receded 
from  the  coast  of  the  Foktr  Sea ;  in  this  and  in  similac 
instances  local  influences  are  not  to  be  denied.  The  expe- 
rience  of  the  various  Iforth  Polar  expeditions  seems  to  shew 
that  in  the  immediate  vicinity  of  the  magnetic  pole  the 
evolutions  of  light  are,  to  say  the  leasts  not  more  intense  or 
frequent  than  at  somewhat  greater  distances. 

What  we  know  of  the  height  of  the  Aurora  is  grounded 
on  measurements  which,  &om  their  nature,  and  from 
the  incessant  fluctuation  of  the  pluenomenon  and  con- 
sequent nnco-tainty  of  the  parallactic  angle,  cannot  inspire 
much  confidence.  Without  including  older  statements,  the 
results  of  these  measurements  give  heights  varying  from  a  few 
thousand  feet  to  several  miles.  {•'')  The  most  modem  ob- 
KTvers  are  inclined  to  place  the  seat  (^  the  phfenomenon,  not 
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•t  the  limits  <^  the  Bteuwphere,  bnt  intlw  region  (tfoloudsi 
tbej  even  believe  that  the  njs  of  the  Aurora  may  be  moved  t* 
siid'£n)bjwii)d3BHdoiirientfiof  air;  andtiusmajbetbecaBe, 
if  the  huQtnoo*  pKnooBieiuHi  wbioh  maniferta  to  as  the  pre* 
fence  (4  an  dectzo-ioi^iuiic  coirent,  be  actually  oozuieot«d 
^th  groups  of  veeicles  of  vapour  in  motitm ;  or,  to  ipeal; 
more  exactly,  if  it  trnveiseB  the  group,  darting  btm  om 
Teaicle  to  anotber.  FranUin  nw  aa  Avron  near  Qreat 
£ear  Lalu^  the  li^  of  which  appeared  to  him  to  illaminat* 
the  tinder  snr&tce  of  the  Btntoia  of  cloud ;  while,  at  the  di»< 
tasce  of  only  eightees  miles,  Kendal,  who  was  on  watch  al) 
ni^t,  and  never  loat  aight  of  the  sky,  ghwrved  no  lomiaoiia 
pbanomenon  wbataoevu.  Ih  icspect  to  the  atateiaeat*  ie< 
cenUjr  niade  frinn  several  qunrtenjC^iays  of  the  Aurora  beiqg 
teen  to  ahoot  down  in  close  ^simi^  to  theEaith,  between 
^  observer  and  a  noghbouring  hill,  it  must  be  r^nembered 
that,  as  in  the  case  of  Ughtmng  and  of  fire  balls,  Hiere  is  in 
eevml  ways  dangw  c^  optical  illnsioH 

Whether  the  magneddc  stonns  manifested  by  Auroral 
display  (of  vliieh  we  have  just  noticed  (me  instance  remark* 
•bly  restricted  in  respect  to  loadi^)  share  witli  eltctria 
ytonns  tite  pbamoBiana  of  aound  as  well  as  t^  la^t,  has  be^ 
pome  extremely  doubtful  wibe  the  accounts  of  Greenland 
vluders  and  Siberian  fox-hunters  have  ceased  to  obtain  imi 
plidt  confidence,  The  Auroras  have  become  more  silent  anoa 
'  obtetvexa  have  better  understood  bow  to  observe  tbem,  and 
bow  to  listen  ^  them.  Fany,  Franklin,  and  Bichardson 
near  the  norUi  magnetic  pole,  lluenemanii  in  Iceland, 
Oiesecke  in  Grecailand,  Lottin  and  Bravais  near  the  XortJt 
Cap^  Wrangel  and  Anjon  on  the  Sibenan  coa«t«  of  t)w 
jfolar  Sea,  have  toKether  seen  thgasands  of  Dorthom  li^ifai 
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vithont  ever  hearii^  a  noise.  Even  if  it  be  consideTed  ihH 
this  native  evidence  ought  not  to  countervait  the  podtive 
testimony  of  two  observers,  Heame  at  the  month  d  the 
Coppermkie  Eiver,  and  Henderson  in  Iraland,  it  must  be 
remembered  that  Eichardson  and  Hood  beards,  indeed,  m 
sonnd,  which  one  terms  "  a  hissing  noise,  like  that  of  a 
bmsket  bnllet  passing  through  the  air,"  and  of  which  the 
other  says,  "  that  it  resembled  the  noise  of  a  wand  waved 
Dmartly  throng  the  air ;"  bat  though  both  were  incHned  to 
regard  these  sounds  as  connected  with  the  Aurora,  each  adds 
that  th^  were  attributed  "by  Dr.  Weoted  to  the  con- 
tracting of  the  snow  from  a.  sadden  increase  of  cold;"  and 
this  opmion  was  aapported  "by  the  same  sounds  being 
heard  the  following  morning,"  (Pages  585  and  688  of  the 
Appendix  to  "  Franklin's  First  Journey  to  the  Polar  Sea.") 
Wrai^el  and  Giesecke  arrived  at  the  same  persuasion,  ihai 
sounds  heard  during  Auroras  do  not  proceed  from  them, 
but  are  to  be  ascribed  to  contractions  of  the  ice,  and  of  tb) 
crast  on  the  surface  of  the  snow,  from  sudden  increase  of 
cold.  The  belief  of  a  crackling  noise  did  not  originatei 
Irith  nncnltivated  persons  having  frequent  opportanities  of 
noticing  the  Aurora,  but  with  learned  Izav^ers ;  the  cause 
prob^iy  being,  that  as  electric  flashes  in  spaces  filled  only 
with  a  very  rare  atmosphere  had  been  observed  to  resemblo 
the  northern  light,  the  latter  phcenomenon  was  r^arded  as 
an  dTect  oi  atmospheric  dectricity,  and  thus  peoplfj 
heard  what  they  expected  they  ought  to  hear.  Beceufc 
experiments,  however,  witii  regard  to  atmospheric  eleo-' 
Mcity,  made  with  voy  sensitive  electrometers,  have  hitherto 
Contrary  to  all  expectation,  given  only  negative  results,  since; 
during  the  finest  Auroras,  no  change  has  b^en  detected* 
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On  the  other  hand,  bU  the  tlueo  msakatgtiooA  of  temstnal 
magnetism,  the  declination,  incUnatioo,  and  force,  are  affected 
during  tbe  appeanuice  of  tlie  polar  light ;  so  that  in  the 
coarse  of  the  smoe  night,  Bud  dnring  different  parts  of  tiia 
phEenomenon,  the  same  end  of  the  needle  is  BOmetamca 
attracted  and  sometinies  repdled.  The  statement  that  the 
&cts  collected  bj  Parry  in  Melville  Island,  in  a  high  mag. 
netic  latitude  indicated  rather  a  tronqnillizing  than  » 
distuibing  inflnence  of  Anronw  opon  the  magnet,  has  been 
refoted  hj  a  more  caiefol  examination  of  Parry's  own 
jonmal,  C^)  by  the  valuable  obaervationB  of  Bichflrdson, 
Hood,  and  franklin,  and  latterly  by  Btavais  and  Lottin 
in  Lapland.  Aa  I  have  before  remarked,  Uie  Inminona 
phtKwmenoD  is  the  act  of  restoration  of  eqnihbrinm 
temporarily  disturbed ;  tJie  effect  on  the  needle  Taries  with 
the  iutenEiity  of  the  discharge  j  at  the  winter  stalioD 
of  Bosekop  it  was  always  sensible,  except  whrai  the 
luminous  pbeenomenon  was  very  &int,  and  appeared  only 
low  down  near  the  horizon.  The  Anroral  streamers 
have  been  ingeniomily  compared  to  tlie  light  which,  in 
the  Yoltaic  circuit,  is  produced  brtween  two  points  of 
carbon  placed  at  a  considerable  distance  from  each  other, 
(or,  according  to  Fizesn,  between  a  point  of  carbon  and 
one  of  silver) ;  a  light  which  is  attracted  or  repelled  by  tiie 
magnet.  This  analogy  renders  superfluous  the  aasumj^ 
tion  of  metallio  vapours  in  the  atmosphere,  which  soma 
celebrated  physicistB  have  considered  to  be  tiie  aobstratum 
of  the  Aniora, 

In  applying  to  the  luminous  phsenomenon  which  wt 
ascribe  to  a  galvanic  cun^ot  the  vague  term  of  polar  li^it, 
ja  Aurora  boieaUs  and  aostralis,  we  merdy  indioeita  thoeti^ 
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the  directicia  in  which  t^  erolatioii  of  light  most  &eqaenfly, 
but  hj  no  saeua  altnys,  commences.  The  fact  which  gives  to 
tbe  phffiaomenoa  its  greatest  importance  is,  that  the  EarCb 
becomes  sdf-lmninons ;  that  besideB  tbe  light  which,  as  a 
phmet,  it  receives  from  the  central  body,  it  shews  a 
e^iability  of  sustaining  a  luminoits  process  proper  to  itself. 
The  intensitj  of  the  "terre^rial  light,"  or  rather  of  the 
degree  of  illnminatioa  which  it  diffuses  at  the  surface  d 
the  Earth,  when  the  rays  are  brightest,  are  coloured,  and 
ascend  to  the  zenith,  is  a  little  giea^  than  that  given 
by  tbe  Moon  in  her  first  qnarter.  Sometimes  (as  on  the 
7th  of  Janiuiry,  1831)  it  has  beoi  possible  to  read  print  by 
it  without  effioii.  This  terrestntd  lonnnous  process,  going 
<m  almost  nninteiruptedly  in  tbe  pokr  regions,  leads  us  by 
analc^  to  the  remaikable  phcenomenon  presented  by  Yenas, 
when  the  ptntion  of  that  planet  not  illumined  by  the  Sun 
is  B6B)  to  shine  with  a  phosphraescoit  hght  of  its  own.  It 
is  not  improbable  that  the  Moon,  Jupiter,  and  the  comets, 
radiate  a  light  gen£rat«d  by  th^nselves,  in  addition  to  tbe 
reflected  li^t  which  th^  recrave  from  the  Snn  and  which 
is  recognised  by  means  of  the  pohuiscope.  Without  speak- 
ing of  the  enigmatical  but  not  unccnmnon  kind  of  lightning, 
which,  unaccompanied  by  thunder,  is  seoi  flickering 
throi^hont  the  whole  of  a  low  cloud  for  minutes  together, 
we  have  yet  otbec  examples  of  f^  production  of  terrestrial 
light.  To  these  belong  the  celebrated  mists,  lominous  at 
night,  seen  in  the  years  1783  and  18S1 ;  the  steady  luminouB 
appearance  in  great  clouds  obs^ved  by  Eozier  and  Beocaria; 
and  even,  as  Ango  ingeniously  remarks,  Qa  faint  diflVised 
light  which  guides  our  stc^  in  d(9U>ely  donded  moonless 
and  starless  autumn  or  wint^  ni^its,  and  when  no  taow  is 
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on  the  gronnd.  (>^)  In  high  latitodea  s  flood  of  briUiant 
■nd  often  coloured  light  Btreams  throogli  the  drmosphere  in 
polar  light  or  ebctri>magnetic  etonn ;  and  in  the  torrid  lose 
many  thousands  of  square  milea  of  ocetui  are  tbo  seen  to 
generate  at  once  a  light  of  their  own;  in  the  lal^  case 
tk%e  magic  bn^itness  belongs  to  isgunic  nature :  eadi 
breaking  wave  carls  in  Inminoos  foam;  the  whole  wide 
-expanse  E^Miklea,  and  every  spark  is  the  vital  moTement  of 
«  minute  and  otherwise  invisible  world  of  ammal  existence. 
Manifold,  no  doubt,  are  tiie  sources  of  the  terrestrial  li^t; 
and  ve  awj  even  imagine  it  as  exnting  latent  end  not  yet 
eet  free  from  combination  with  vaponrsj  as  a  means  of 
explaining  Moser's  picturei  produced  at  a  distance,— 
a  discovery  in  which  reality  as  yet  presents  itself  to  m 
like  the  nnsnbitaatial  images  of  a  dream. 

If,  on  ttie  one  hand,  tbe  internal  heat  of  our  planet  may  be 
connected  with  the  excitemeBt  of  ^ectro-magnetic  currents, 
and  &e  evolution  of  tenestri&l  %ht  accompanying  a  ma^- 
uetic  storm,  it  is  also  a  prindpid  source  of  geological  plueoo- 
raena.  We  shall  trace  this  connection  in  passing  from  the 
purely  dynamic  effect  maniJesled  in  earthquakes,  and  tiie 
elevfttion  of  entire  ^ntinents  and  mountain  masses,  to  the 
production  md  issue  of  gasee  and  liquids,  of  hot  mud,  and 
tA  growing  find  molten  earths  which  harden  into  crystaUine 
tocke.  It  is  no  small  advance  made  by  modem  geology  (or 
tiie  milieralogical  part  of  terrestrial  physics),  to  have  investi- 
gated the  connection  of  the  phsenomena  here  indicated.  Tha 
itLsight  whioh  we  thus  obtain  leads  away  from  the  nnpro- 
fita^le  hypotheses  by  which  it  was  fiimnerly  sought  to  explain 
ce{ih  sQch  maotfestatian  of  force  aiiigly  and  iadependentlyt 
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it  ahtsws  the  relations  which  si^>sisti  between  the  ejeotkMi 
of  various  substances  on  the  one  haod,  and  earthquakes 
and  devatioDs  on  the  other ;  it  classes  together  groups  of 
ph^enomeua  which  appear  at  the  first  ^ance  very  hetero- 
geneous, as  thermal  springs,  exhalatioDS  of  caihonic  acid  gas 
and  sulphureous  vapour,  harmless  emptionB  of  mud,  aud 
the  devastating  phnnomeaa  of  active  volcanoes.  In  a  ge- 
neral view  of  nature,  all  these  phfenomena  are  comprehended 
auder  the  one  idea  of  the  action  of  the  interior  of  h  planet 
upon  its  crust  and  surface.  Thus  in  die  increase  of 
temperature  in  the  interior  of  the  Earth  as  we  descend 
from  the  surface,  we  re^gnise  the  germ  not  only  of  earth- 
qnakes,  but  ofthe  gradual  elevation  of  continent9,aad of  chains 
of  moontuns  &om  extended  fissures,  of  volcanic  eruptions, 
and  of  the  production  of  very  various  minerals  and  focks. 
But  it  is  not  inorganic  nature  onlj  which  is  inflo^ced  bjr 
^the  reaction  of  the  interior  on  the  exterior.  It  is  very  pnv 
bable  that  in  an  emlier  state  of  the  globe,  tax  greater  onis- 
eions  of  carbonic  add  gas  mingled  with  the  atmosphere,  and 
heightened  the  process  hj  which  plants  assimilate  carbon ; 
and  thus  vast  forests  were  formed,  which  in  subseqaent 
revolutLons  were  destroyed,  and  inexhaustible  stores  of  fuel 
(Ugnitea  and  coal)  were  bnned  in  the  terrestrial  strata  then 
faiming  at  the  surface.  Nor  should  we  overlook  that  the 
destinies  of  men  are  in  part  dependent  also  on  the  form  of 
ihe  outer  crust  of  the  Eartl^  on  the  diredion  and  devatka 
of  mountain  chains,  and  on  tiie  divisions  and  articulations 
of  upheaved  continents.  Hie  investigating  q>irit  is  thai 
enabled  to  asc^id  from  link  to  linik  in  the  chain  of  phsno* 
mena,  to  the  supposed  epoch  of  the  solidification  of  tha 
planet,  when,  in  its  first  transitiDn  from  «  g^seon^  to  i 
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fiqnid  or  s  solid  form,  the  internal  heat  not  dna  ta  &m 
calorific  actum  uf  the  solar  ntyi  was  developed. 

Ill  order  to  give  a  hrief  general  view  of  ths  causal  eon> 
nectkai  cA  geolt^cal  phenomena,  we  will  begin  with  those 
wboee  principal  character  ia  dynamic.  Earthqualeei  an 
distingnished  by  rapidly  succeeding  vratical,  horizontal, 
or  drcnlar  osdUataonB.  In  the  not  inconsiderable  num- 
ber of  these  phsBnomena  which  I  have  witnessed  both  on 
Vbib  old  and  new  continenta,  at  sea  and  on  land,  the  two 
first  kinds  of  morement,  the  vertical  and  horizontal,  have 
often  appeared  to  me  to  take  place  togeth».  The  mine- 
like explosion,  tiie  vertical  action  &om  below  upwards, 
shewed  itsetf  in  the  most  striking  manner  at  the  over- 
tluDw  of  the  town  of  BJobamba  in  1797i  where  many 
corpses  of  tlie  inhabitants  who  perished  were  hurled  to 
a  height  of  leveral  htmdred  feet  on  the  hill  of  La  CuUca, 
beyond  the  small  river  of  Lican.  TTie  stock  is  propagated 
chiefly  in  a  linear  direction,  by  undulations  having  a  velo- 
city &am  twenty  to  twenty-eight  geographical  miles  in  a 
minute,  and  occasionally  in  drcles  or  ellipses  of  commotifni, 
in  which  the  shocks  are  propagated  from  the  center  to  the 
drenmf^ence,  but  with  diminishing  force.  There  are  di»> 
tricte  which  belong  to  two  intersecting  circles.  In  Northern 
Asia,  where  the  Mher  of  history,  Herodotus,  ('*>)  and  at 
a  later  epoch  Theophylactns  Simocatta,  C^*)  spoke  of 
ScyHiia  as  free  from  earthquakes,  I  have  found  the  southern 
and  richly  metalliferoiiB  part  of  the  Altai  mountains  subject 
ia  the  double  influences  of  the  foci  of  commotion  of  Lakt 
Baikal  and  of  the  volcanoes  of  the  Thian-schan  ("  celestial 
mountains").  {"')  "Where  the  circles  of  disturbance  int«. 
sect, — where,  for  example,  an  elevated  plateau  i!<  situated 
between  two  volcanoes  in  a  state  of  activity, — several  systexnk 
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of  waves  may  exist  Bimultaneoasly,  and  prodnce  thai 
effects,  aa  in  Quids,  without  mutual  distnrbaQCe.  We  uuxj 
even  im^ine  interferences,  w  in  intasecting  waves  of 
Bonnd.  The  magnitude  of  the  waves  propagated  in  the 
otuist  of  the  Earth  will  he  increased  at  the  sui&ce,  accord- 
ing to  the  general  law  in  mechanics  bjr  which  vibrations 
transmitted  in  elastic  bodies  have  a  tendency  to  detach  tjw 
soperficial  strata. 

The  nndolations  in  earthquakes  have  been  examined  with 
tolerable  accuracy,  in  respect  to  their  direction  and  intensity, 
by  means  of  pendulums  and  sismometers;  but  in  their 
characters  of  alteniation  and  periodical  intumescence  they 
have  by  no  means  attrect«d  sufficient  attention.  In  the 
dly  of  Quito,  which  is  situated  at  the  foot  of  a  still 
active  volcano,  the  Rucu-Fichincha,  and  at  an  elevation 
above  the  sea  of  8950  (9539  English)  feet,  and  which 
possesses  fine  cupolas,  high  roofed  churches,  and  massive 
houses  of  several  stories  in  height,  I  have  been  often 
surprised  in  the  night  by  the  violence  of  the  earthquake 
shocks ;  but  these,  though  extremely  frequent,  very  rarely 
injure  the  walls,  whereas,  in  the  Peruvian  plains,  even  low 
dwellings  built  of  reeds  suSi^  from  apparently  far  slighter 
oscillations.  Natives  of  those  countries,  who  have  expe- 
rienced many  hundred  earthquakes,  believe  this  difTerence  to 
depend  less  on  the  greater  or  less  duration  of  the  shocks,  or 
the  slowness  or  rapidity  ('**)  of  the  horizontal  oscillation, 
than  OQ  alternation  of  motion  in  opposite  directions. 
The  circular  (or  gyratory)  earthquakes  are  the  most  ran^ 
and  at  the  same  time  the  most  dangerous.  In  the  great 
earthquake  of  Biobamba  in  the  province  of  Quito  (4tii 
February,  1797),  and  in  that  of  Cahtbria  (5th  Febmary,  and 
9lith  March,  17S3),  wbIIb  were  changed  in  diiectiou  vitiwot 
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being  overthiown,  stmij^  and  panllel  rows  of  trees  weie 
inflected,  and  in  fields  having  two  sorti  of  cnltivatioii,  one 
crop  even  took  the  place  beCore  occupied  by  the  oUier :  the 
latter  pluenomenon  shewing  either  a  movement  of  translation, 
or  a  mutual  penetration  of  difierent  portions  of  the  ground. 
"When  making  a  phm  of  the  ruined  dtjr  of  Btobamba,  I  was 
shewn  a  place  where  the  whole  fumitnre  of  one  honse  had  been 
found  under  the  remains  of  another ;  the  earth  bad  evident^ 
moved  like  a  fluid  in  atreams  or  correntR,  of  which  we 
most  assume  that  the  direction  was  first  downward,  then 
horizontal,  and  hsUj  again  apward.  Dispates  concerning 
the  ownership  of  objects  which  had  been  thus  carried  to 
distances  of  man;  hundred  yards,  were  decided  bj  the 
Andiencia,  or  Court  of  Justice. 

In  countries  where  earthquakes  are  comparatively  rare, 
for  example  iu  the  south  cf  Europe,  an  imperfect  induction 
has  led  to  the  very  generel  belief  that  they  are  always  pre- 
ceded by  calms,  oppressive  heat,  and  a  miaty  horizoii.(*^) 
This  popular  error  is  however  refuted,  not  merely  by  mj- 
own  experience,  but  also  by  the  observations  of  all  those 
who  have  hved  many  years  in  districts  soch  as  Cumiina,  Quito, 
Peru,  and  Chili,  where  the  earth  is  frequently  and  violently 
shaken.  I  have  felt  shocks  in  sereue  weather  as  well  as  in 
rain,  and  during  a  fresh  east  wind  as  veil  as  during  a 
ttorm.  Even  the  regularity  of  the  horaty  variations  of  the 
magnetic  decUnation,  and  of  the  pressure  of  the  atmo- 
sphere,  ('^s)  were  not  disturbed  on  the  days  of  earthquakes. 
My  observations  were  made  within  the  tropics ;  and  those 
made  by  Adolph  Erman  in  the  temperate  zone,  during 
an  earthquake  at  Irkutsk  near  Lake  Baikal  on  the  Sth  of 
March,  18S9,  give  a  similar  result.      At  Cumana,  on  the 
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The  loHo.  noi«,  which  mort  freqnenflj  «M»np«ue, 
««ihquake,  b,  no  „ean.  inereesM  in  proportion  to  the 
TOlence  of  the  OMiilations.  I  have  diitinctlj  »<«rt«ined 
<l»t  the  great  shock  of  the  earthquake  of  Biohamba  (ffl 
Febmary,  H97),  one  of  the  most  tenftle  phsnomena  in  the 
phjsieal  historj  of  onr  globe,  was  nnaceompanicd  by  anj 
noise;  the  great  subterranean  detonation  (el  gran  ruido), 
which  was  heard  at  the  cities  of  Quito  and  Ibarra,  (but  not 
at  Tacnnga  and  Hambato  which  were  nearer  the  center  of 
the  movement,)  occurred  eighteen  or  twenty  minutes  a/ur 
the  catastrophe.  In  the  cehibrated  earthquake  of  Lima  and 
Cllao,  October  28th    1716,  a  noise,  resembhng  a  sub. 
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terranean  thtmder-clap,  was  heard  a  quarter  of  aa  kont 
iater  at  IViuillo,  and  was  aoaccompamed  by  any  tremblii^ 
of  the  gronnd.    In  bke  manner,  k  iras  not  till  some  time 
after  the  great  earthquake  of  New  Qranada,  November  16, 
1827,  desczibed  by  Bonssinganlt,  that  aabtcnanean  deton»> 
iiotia,  nnaccompanied  by  any  movement,  were  heard  with 
great  regnlarity  at  intervals  of  thirty  seconds,  throaghoot 
the  whole  Canca  Valley.     The  nature  of  the  noise  also  dif- 
fer greatly ;  sometimes  it  is  rolling,  and  occasionally  like  the 
fduiHng  of  chains ;  in  the  city  of  Quito  it  has  sometimes 
been  abrupt,  like  thunder  close  at  hand,  and  sometimes  clear 
sod  ringing,  as  if  obsidian  or  otiier  vitrified  mosses  clashed* 
or  were  shattered  in  subterranean  cavities.     Aa  solid  bodies 
we  excdlentcondnctws  of  sound, — ^whidi  is  propagated,  for 
cocample,  in  burnt  clay  with  a  velocity  ten  or  tifelve  times 
^eater  than  in  air, — the  subterranean  noise  may  be  beard  at 
gtcat  distances  from  the  place  where  it  has  originated.    In  the 
Cantccas,  in  the  grassy  plains  of  Galaboso,  and  on  the  banks 
of  the  Sao  Apure  which  fells  into  the  Orinoco,  there  was 
heard  over  a  district  of  2300  square  (German)  miles,  a 
loud  noise  resembling  thunder,    unaccompanied  by   any 
riuHng  of  the  ground;  whilst,  at  a  distance  of  632  miles 
to  the  north  east,  the  crater  of  the  volcano  of  St.  Vincent, 
one  of  the  small  West  India  Islands,  was  pouring  forth  a 
prodigious  stream  of  lava.     In  point  of  distance,  this  was  as 
if  an  emption  of  Vesuvius  should  be  heard  in  the  north 
otPrance.     In  1744,  at  the  great  eruption  of  Cotopari, 
subterranean  noises,  as  of  cannon,  were  heard  at  Honda, 
nair  the  Magdalena  Biver.      Not  only  is  the  crater  of' 
Cotopaxi  about  18100  English  feet  higher  than  Hond^ 
bnt  these  two  points  are  separated  from  each  other  by  t 
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distance  of  436  miles,  and  hj  the  colossal  mountain  n 
of  Quito,  Pasto,  and  Fopa;an,  as  well  as  by  countless  vbI- 
Ibjs  and  ravines.  The  sound  was  clearly  not  propagated 
through  the  air,  but  through  the  earth,  and  at  &  great  depth. 
During  the  violent  earthquake  in  new  Granada  in  Februaij 
1835,' subtemmean  thunder  was  heard  at  Fopayan,  Bogoti^ 
Santa  Martha  and  Caracoas  (where  it  lasted  seven  honra 
without  any  movement  of  the  ground),  and  also  in  Hayti, 
in  Jamaica,  and  near  the  Lake  of  Nicaragua. 

These  phenomena  of  sound,  even  when  nnaccompamed 
by  senable  shocka,  produce  a  peculiarly  deep  impres- 
aion,  even  on  iiiofie  who  bave  long  dwelt  on  ground 
mbject  to  frequent  trembling.  One  awaits  with  anxiety 
that  which  is  to  follow  the  enbtemmean  thander.  Tho 
most  striking  instance  of  nninterruptcd  subterranean 
noise,  tmaccompanied  by  any  trace  of  etu:thqtiake,  ia  tho 
phsniinneiiou  which  is  known  in  the  Mexican  territory  by 
the  name  of  "the  aubtenaneaa  roaring  and  thundering, 
(brsmidoB  y  truenos  subterraneos)  of  Guanaxoato."  ('^) 
This  rich  and  celebrated  mountain  city  ia  situated  at  a  dis- 
tance from  my  active  volcano.  The  noise  b^tm  on  the  dth 
of  January^  1784,  at  midnight,  and  lasted  above  a  montti. 
I  have  been  enabled  to  give  a  circumstantial  description  of 
the  phienomenon  from  the  report  of  many  witnesses,  aoA 
from  the  documents  of  the  mnnidpakty,  wlnoh  I  was  per- 
mitted to  make  use  of.  !Fiom  the  13tb  to  the  16th  of 
January,  it  wns  as  if  there  were  heavy  storm  douds  Mnia 
the  feet  of  the  inhabitants^  in  which  slow  rolling  thundtt 
(tltemated  with  short  thunder-claps.  Tie  noise  ceased  gra. 
dufdly,  as  it  had  commenced ;  it  was  confined  to  a  swtiSi.  spae^ 
for  it  was  not  heard  in  a  basaltic  district  at  the  distonoo 
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of  onl;  a  few  miles.  Almost  all  tlie  uihabitanta  vere  terrified 
and  qmtted  the  city,  ia  wMch  lai^  masses  of  silver  were 
stored ;  but  the  most  oomageoiu,  when  they  haA  become 
Bomewbat  accustomed  to  the  sabt^ranean  tbunde;,  returned 
and  fought  with  the  bands'  of  robberG  who  had  token  pos- 
eession  of  the  treaeoie.  Neither  at  the  soifoce,  nor  in 
mines  1598  English  feet  in  depth,  conld  the  shghtest 
tifnnUing  of  the  ground  be  perceived.  Id  no  part  of  the 
whole  monntainons  connby  of  Mexico  had  any  thing  similar 
heen  even  known  before,  nor  has  this  awful  pluenomenaa 
been  fonce  repeated.  Thus,  as  chasms  iu  the  interioT  of  the 
JBartb  close  oi  open,  the  propagation  of  the  waves  of  sound 
is  either  arrested  in  its  progress,  or  continued  nntil  it 
reaches  the  eai. 

lbs  activity  of  b  bnrning  nviuntain,  however  awfully 
picturesque  the  spectacle  which  it  pesents  to  ns,  if 
always  limited  to  a  very  small  space;  whereas  earth- 
quakes, whose  movements  are  scarcely  perceptible  to  the 
eye,  propagate  theii  waves  sometimes  to  distAnces  of 
many  thousand  miles.  The  great  earthquake  which,  o^i 
November  Ist,  1755,  destroyed  Lisbon,  and  the  effects  of 
which  have  been  well  traced  out  by  the  great  philosopher 
Kant,  was  felt  in  the  Alps,  on  the  coasts  of  Sweden,  ifl 
the  West  India  Xslands  (Antigua,  Barbadoes,  and  Mar- 
tiuique),  on  the  great  lakes  of  Canada,  in  Thuiingio, 
in  the  flat  country  of  northern  Germany,  ani  in  small 
inland  lakes  on  the  shores  c^  4^  Baltic.  Bemote  foun- 
tains were  interrupted  in  their  flow,  a  phceuomenon  of 
earthquakes  which  had  even  been  noticed  among  the  aa> 
deats  by  Demetrius  of  Cslatia.  The  thermal  springs  af 
Tophtz  dried  up,  and  again  letumed,  inundating  eveay 
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thing  wiUi  T&ter  diBctJonred  hj  oehie.  At  Cadis  the  sm 
K»e  abore  sixty  feet ;  and  in  the  West  India  Xslttads  abovs 
mentioned,  whae  the  tide  lunially  riaes  onl;  from  twentf^-six  to 
iveaiy-a^tA  Fiench  incheB,  it  soddenly  nwe  above  twenty 
feet,  the  water  being  discolonred  and  of  an  in^  blac^^eas. 
It  haa  been  computed  tiiat,Dn  that  day  (IstNovember,  1756), 
a  portion  of  the  earth's  Hurface,  fonr  times  peaiet  than  tiho 
extfnt  of  Europe,  was  aimultaneoady  shaken.  There  is  na 
manifestation  of  force  jet  knomt  to  tu  (incloding  'Ota 
mmderons  inventions  of  onr  own  tsce),  by  vhitdi  a  greciter 
number  of  hnman  beings  have  been  killed  in  tine  short 
qiace  of  a  few  seconds  or  minnt«s,  than  in  the  case  of  eart^b- 
qoakea:  sixty  thousand  were  destroved  in  Sicdlj  in  1S93  j 
thirty  to  forty  thousand  at  Biobamba,  in  1797  ;  and  pczhaps 
five  times  as  many  in  Asia  Minor  and  Syria  nnder  Tiberias 
■nd  the  elder  ^ustinimi,  in  the  years  19  and  526. 

Examples  have  occniTed  in  the  Andes  of  South  Amraica,  in 
which  the  eaiti)  has  been  shakes  nointeimptedly  for  several 
snccesssiTe  days ;  bat  oi  tremblings  felt  almost  ev«y  honr  £c» 
months  togethsTj  I  am  at  present  only  awsre  of  instances  at 
ft  distance  from  any  volcano ;  as  on  the  eastern  declivity  of  the 
Hont  Cenis  portion  of  the  chiiin  of  the  Alps  at  Peneatrelles 
and  Fignerol  from  April  1808^  in  the  United  States  of 
America,  between  itfew  Madrid  and  LittJe  Prairie  (north 
of  Cincinnati)  iu  December  ISll,  as  well  as  in  Uie  whole 
winter  of  1812 ;  {'**)  and  in  the  Pachalic  of  Aleppo  in 
August  and  September  1822.  I'rom  the  popular  disp(v 
aition  to  ascribe  great  pbfenom^ia  to  local  causes,  rather 
than  to  rise  to  general  views,  wherever  the  shaking  of  the 
earth  is  long  continued,  fears  of  the  breaking  oat  of  a  new 
volcano  are  entwtained.    In  particular  and  rare  oases,  these 
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Jean  have  been  realised  by  the  sadden  tqipearance  of  Tolcanio 
islands ;  and  a  nmarkable  instance  occnned  in  the  eleva* 
idon  of  the  volcaiio  of  Jorollo,  1682  Eng^b  feet  above  the 
ancient  level  of  its  site  and  of  the  plain  in  which  it  now  stands, 
-vbich  took  place  the  29th  of  September,  1759,  aHer  tagiiiy 
days  of  earthquakes  and  snbtensaean  thunder. 

If  we  conld  obtain  daily  intelligence  of  the  condition  of 
the  whole  sur&ce  of  the  eaiih,  we  should  vaj  probably 
arrive  at  the  conviction  that  this  sntface  is  almost  always 
ahaking  at  acme  one  point ;  and  that  it  is  incessantly  affected 
by  the  reaction  of  the  interior  against  the  ext«rior.  The 
fieqaent^  aai  nniveisahty  of  a  phieiiomenon,which  probably 
owes  its  origin  to  the  high  temperatnre  of  the  interior  and 
de^-seated  molten  strata,  explain  its  independence  of  the 
natnie  of  Uie  rocks  in  which  it  manifests  itself.  Earthquake 
shocks  have  been  f^t  even  in  the  loose  olluviat  seal  of  Uol> 
land,  Middelbe^  and  Flushing  (23d  Feb.  1828).  Granite 
and  nnca  slate  are  shaken,  as  well  as  limestone  and  sand* 
stone,  tra(diyte  and  amygdaloid.  It  is  not  the  chemical 
nature  of  the  constituent  particles,  but  the  mechanical  stroo- 
tuie  of  the  rocks,  which  modiSes  the  propagation  of  the 
shock  or  of  the  wave  which  occasions  it.  Where  such  a 
wave  proceeds  in  a  r^ular  course  along  a  coast,  or  at  the 
foot  of  and  parallel  to  the  direction  of  a  mountain  chain^ 
interruptions  at  certain  poiAts  have  sometimes  been  r^ 
marked,  and  continue  for  centuries ;  the  undulation  passes 
anwaid  in  the  depth  below,  bnt  it  is  never  felt  at  those 
points  of  tJie  surface.  The  Feruvians  say  <A  these  nppex 
■trata  which  are  never  shaken,  that  they  form  abridge.('^) 
As  the  mountain  chains  themselves  appear  to  have  beea 
derated  ovtx  fissures,  it  may  be  that  the  walls  of  thesa 
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oavitiRs  f&voxa  the  propagatioa  of  the  nndulatioiis  moviB^ 
in  their  own  directioii;  Bometimes,  however,  the  waves 
intersect  several  chainB  abnost  at  right  angles;  an  example 
of  which  occurs  in  South  America,  where  thejr  cross  both  the 
littoral  chain  of  Yeneznela  and  the  Sierra  Parime.  In  Ajsia 
shocks  of  earthquakes  have  been  propa^ted  frran  Lahore  and 
the  foot  of  the  Himalaya  (Z2d  Jan.  1832),  across  the  chain  of 
the  Hindoo  Coogh,  as  far  as  Bacbkachan,  or  the  apper  Oxus, 
and  even  to  Bokliara.(^^)  The  range  of  the  nndolatioua  is 
aometimes  permanently  extended,  and  this  may  be  a  conse- 
qnence  of  a  single  earthquake  of  unusual  violence.  Since 
the  destruction  of  Cumana  on  the  14th  Dec  1797,  and  only 
since  that  epoch,  every  ehw^  on  the  sonthem  coast  ext^ids 
to  the  mica  alate  rocks  of  the  peninsula  of  Maniqoarez, 
situated  opposite  the  chalk  hills  of  the  main  land.  In  tha 
great  alluvial  vallies  of  the  Mississipi,  the  Arkansas,  and  the 
Ohio,  the  progressive  advance  from  south  to  north  of  ihe 
almost  ouintompted  uudolationsof  the  ground  between  1811 
to  1813,  was  very  striking.  It  would  seem  as  if  subterranean 
pbstades  were  gradually  overcome;  and  that  the  way  being 
once  opened,  the  undulatory  movement  is  popagated  througit 
it  on  each  occasion. 

If  earthquakes  appear  at  first  sight  to  produce  solely  dy^ 
namical  effects,  we  learn  on  the  other  hand,  fixim  well- 
established  evidence,  that  not  only  are  whole  districts  of 
country  elevated  by  them  above  their  former  level  (such  » 
the  Ulla-Bund,  east  of  the  Delta  c^  the  Indna,  after  the 
earthquake  of  Cutch  in  June  1819, — an^  the  coast  of  Chili 
in  November  1832)  but  also  that  during  their  occurrence  v^ 
pious  substances  are  ejected  from  the  eartiii  such  as  hot- water 
at  Gataiua  in  1818;  hot  steam  in  the  Valley  of  the  Missiaa^  at 


ON  in  EXTK&ioB.    KixratauMxa.  201 

2few  Madrid  in  1812;  nonoos  gases  wtuchinjiirad  the  faeida 
of  cat4Je  giszing  on  the  chain  of  the  Andes ;  mud,  black 
smoke,  and  even  flames,  at  Ifessina  in  1783,  and  at  Cnniana 
on  the  llth  Nov.  1797.     During  the  great  earthquake  of 
liisbon  (1st  Not.  1755),  flames  and  a  oolnnm  of  anu^ 
"were  aeen  to  isane  &om  a  newlj-formed  fissaze  in  the  rock  of 
Alvidras,  and  ihe  smoke  was  more  denseutiie  aabterraoean 
noise  became  Ioader.(t<ii)     At  the  destraetioa  of  Biobambs 
(1797),  where  the  shocks  were  not  acd^npanied  by  any  erup- 
tion of  ibe  closdy  adjacent  voh»na^  a  amgnlar  mass  (called 
by  the  natives  Moya),  in  which  earbon,  crystela  of  angite^ 
and  siliceous  shdlB  of  infusoria  were  intermingled,  was  pushed 
np  in  numerons  small  conical  eminences.       During  the 
earthquake  of  14'ew  Qianada  (16tfa  Tfov.  1827),  carhonio 
acid  gas  issuing  &om  fissures  in  the  vall^  of  the  Magdalens 
Sivtx  suffocated  many  snakes,  rats,  and  other  animala  which 
live  in  holes.      Great  earthquakes  have  sometimes  been 
followed  in  Quito  and  Pern  by  nuUten  ehongea  in  the 
weatiier,  and  by  g  jH'emature  commencemmt  of  the  tropical 
niny  season.    Do  gaseous  fluids  issue  frtsn  tlte  intecior  el 
the  earth  and  minj^e  with  the  atmosphere  f  or  aro  them 
meteiHKilogical  processes  the  effects  of  a  disturbance  of  the 
electricity  of  the  atmoE^here  by  the  earUiquake  f    In  inter- 
tropical parts  of  America,  where  sometimes,  for  ten  months 
togetb«,  not  B  drop  of  rain  falls,  repeated  earthquake  shocks, 
which  do  no  injury  to  the  low  reed-huts  of  the  uatiTes,  are 
tegmdei  by  them  fts  the  welctHne  harbingers  of  abundant 
nin  and  a  fruitful  season. 

IRte  e(»imon  origin  of  the  diff»ent  pheenomena  whicih  hare 
bemttins  described,. is  still  wrapped  in  obscuri^.  ISastic 
fluids  subjected  to  enormous  pressnie  in  the  interior  of  th» 
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globe  no  donbt  occasion  the  sEght  and  perfectly  harwHtm 
tremblings  of  the  dtast  of  the  earth  lasting  eereral  days,  (sndi 
BB  tliose  which  were  experienced  in  1816  atScaccia  inSicilj, 
before  the  rolcanic  elevation  of  the  new  islftnd  of  Julia), as  weU 
IE)  those  terrible  explosions  which  are  accompmed  by  loud 
noises.  Bof  the  focus  of  the  action,  the  seat  of  the  moring 
force,  is  placed  deep  below  the  crust  of  the  eaith,  and  wb 
can  as  little  judge  of  the  depth  as  we  can  d  the  chemioal 
n<itnre  of  the  fluids  so  powerfully  compressed.  At  the  edge 
<rf  the  crater  of  Tesnvius,  and  on  the  towering  difif  which 
rises  above  the  great  abyss  of  the  crater  of  the  Pichiacha 
near  Quito,  I  have  felt  periodical  and  very  regular  shocks,  o&- 
curring  from  twenty  to  thirty  seconds  before  the  eruption  of 
the  incandescent  ecorise  or  gases.  The  shocks  were  greatest 
when  the  explosions  were  at  long  intervale,  imd  when,  there- 
fore, the  gases  were  longer  in  accumulation.  This  sim}dD. 
experience,  confirmed  by  many  travellers,  contuns  the 
general  solution  of  the  phenomenon.  Active  vdcanoes  may 
be  regarded  as  safety-valves  for  the  Country  in  their  im- 
mediate vicinity.  The  danger  inoreases  vheo  the  openings 
of  the  volcanoes  are  stopped,  and  the  free  conimunieation 
with  tiie  atmosphere  impeded ;  but  the  destruction  of  Lisboi^ 
of  Caiaecas,  of  Lima,  of  Cashmeer  in  1554,(>^}  and  of  bd 
many  towns  of  G^bna,  Syria,  and  Asia  Minor,  shews  that 
on  the  whole  the  most  violent  shocks  do  not  usually  take 
place  in  tiie  vicinity  td  still  active  volcanoes. 

As  the  impeded  activity  of  volcanoes  infiueoces  the  fbiDe  of 
earthquakes,  so  do  the  latter  reset  on  volcanic  phanomeau. 
The  opening  of  fissures  favours  the  elevation  of  cones  or 
<Tat«rs  of  eruption,  and  the  chemical  processes  which  tako 
place  in  the  cones  by  free  contact  with  tiia  atmospha& 
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&  Qolnmi  (rf  anoke  whidi  tu  Been  lor  some  mtmUu  to  rin 
£nan  the  Tolcazio  of  Pasto  in  Sonih  Anmica,  suddenly  di*. 
siqieared,  when,  od  Hie  4tli  of  Febrnaiy,  1797,  the  {voriiica 
of  Qnito,  one  hundred  and  ninety-two  miles  to  the  soutii- 
ward,  was  visited  hj  the  great  earthquake  of  Biobamha. 
Trembhngs  of  thegrrautd,  which  had  long  been  fdt  over  tbo 
whole  of  Syria,  in  the  CfcladeSj  and  in  the  island  of 
Eabcea,  niddwly  ceased  when  a  stream  of  lava  issued 
f(xQi  in  the  {dains  near  Chalcis,(i<'3)  The  cdebrated 
geogrspher  c^  Amase^  from  whom  we  have  received  this 
account,  adds,  "  Since  the  craters  of  Etna  have  been  opened 
throogh  wMoh  fire  issues,  sad  since  ^wing  masses  and 
water  have  been  qected  from  them,  the  lands  near  the  ses. 
ahore  have  not  been  so  often  shaken  as  in  tiie  time  when, 
previous  to  the  sqniation  of  Sicily  from  Lower  Italy,  all 
the  issnea  were  closed."  We  tliua  see  that  the  force  which 
manifests  itself  in  earthqnakes,  acts  also  in  the  pbeenomena 
of  volcanoes ;  bnt  though  as  universally  diffused  as  the  in- 
ternal heat  of  the  planet,  and  making  its  presence  everywhere 
known,  it  is  only  rarely,  and  at  insukt^  points,  that  its 
accumidated  ene^y  produces  the  pbEenomenon  of  eruption. 
The  formation  of  veins,  t.  e,  the  filling  up  of  fissures  with 
ciystailine  masaea  issuing  from  the  interior  (basalt,  mela- 
phyre,  and  greenstone),  gradually  impedes  the  fr^e  escape  of 
the  elastic  fioids.  They  then  accumulate,  their  tension 
increases,  and  their  reaction  against  the  crust  of  the  earth 
shews  itself  in  three  different  ways,' — in  earthqnakes, — ^ia 
sodden  elevations, — or  in  dow  and  eontinuons  elevations, 
which  alter  progressively  the  relative  levels  of  the  land  and 
Ka.  I^e  last  mode  of  action  produces  effects  which  an 
mdy  sensible  at  intervals  of  long  period,  and  was  observed 
fur  the  first  time  over  a  considerable  portion  of  Sweden. 
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Before  -vK  quit  tUa  importsnt  oImb  of  pWnomena,  wlncl) 
I  have  considered  not  so  mnoh  in  its  iiidividnal  ds  in  its 
general,  phjsicEJ,  and  geological  relations,  I  votild  advert 
to  the  cause  of  tiie  deep  and  peculiar  impression  pro- 
duced on  the  mind  by  ibe  first  earthquake  which  we 
experience,  even  if  it  is  tmaccompanied  by  subterranean 
noise.  I  do  not  tiiink  that  this  impresfdon  is  produced 
by  the  recollection  at  the  moment  of  the  dreadful  images 
of  destruction,  which  historic  relations  of  past  catastrophes 
have  presented  to  onr  imi^natioiis :  it  is  rather  occa- 
flion^  by  the  droiimstance  that  our  innate  confidence  in 
the  immobili^  of  the  ground  beneath  us  is  at  ouce  shaken. 
From  our  earliest  childhood  we  eie  accustomed  to  contrast 
the  mobility  of  water  with  the  immobility  of  the  earth :  all 
t^e  evidences  of  our  senses  have  confirmed  this  beEef ;  and 
when  saddeaily  the  ground  itsdf  shakes  beneath  us,  a  natural 
force  of  which  we  have  had  no  previona  experience  presents 
itself  as  a  stnmge  and  myataiouH  agency.  A  sin^e  instant 
annihilates  the  illusiim  of  our  whole  jvevious  Hfe ;  we  fed  iha 
imagined  rqiOse  of  nature  vanish,  and  that  we  are  ourselves 
teaneported  into  the  realm  of  nnkmiwn  destmotive  forces. 
Every  sound  ftffedv  ns — oar  attention  is  strained  to  catch 
even  the  faintest  movement  of  the  air — we  no  longer  trust 
the  ground  bene«tli  oar  feet  Even  in  ammals  ainnkr  inquie- 
tude and  distress  are  produced ;  dogs  and  swine  are  partici^ 
larly  affected,  end  the  cnKSodilea  of  the  Orinoco,  which  at  all 
other  times  are  as  dumb  as  our  little  lizards,  leave  tlie  ^• 
tated  bed  of  the  river  and  run  with  loud  cries  into  the  forest. 

To  man,  the  earthquake  conveys  a  sense  of  danger  of  whidi 
he  knows  not  the  extent  or  limiL     The  eruption  of  a  voV-     I 
cano,  the  flowing  stream  of  lava  threatening  his  habitadcHi, 
can  be  fied  from;  but  in  the  earthquake,  turn  where  he  wiQ, 
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danger  ud  deBtmctioa  are  aiairnd  him  and  beneatli  his 
feet  'Hiougli  saoh  emotions  are  deep^  seated,  tbe;  cure  not 
(tf  long  dnTBtion.  The  mhabitants  of  countries  where  long 
series  of  -teak  shocks  suoceed  each  other,  lose  almost  erery 
trace  of  fear.  On  the  ooMts  of  Fbru,  whne  nm  scarcel; 
ever  &llr,  and  iriiere  hail,  lightning,  and  thonder,  ere  niu 
Imown,  these  atmospheric  explosions  an  replaced  by  the 
sabberranean  thunder  which  accompanies  the  trembling  at 
Hie  eaidi.  £'rom  long  habit,  end  a  prevalent  opimon  that 
dangerous  shocks  aie  only  to  be  i^rdiended  two  or  &m 
times  in  a  century,  slight  oscillations  of  the  ground  scarcelj 
acite  Ro  much  attention  in  Idrnft  aa  a  hail  sttsm  does  in 
the  temperate  zone. 

Having  thus  taken  a  gensraJ  view  of  the  active  internal  ter* 
restrial  forces ;— of  the  earth's  heat,  its  electro-magnetic  cur- 
rente,  its  auroral  l^ht,  and  the  irrc^lar  action  of  those  ioaxa 
at  the  surface  of  the  earth, — we  will  now  proceed  to  the  pro- 
duction of  material  sabstances,  and  to  the  chemical  changes  at 
which  the  cruet  of  tile  eottii  and  the  constitution  of  tlie  atmo^ 
phere  is  the  theatie.  We  see  steam  and  carbonic  acid  gas 
issue  from  the  ground  ahnost  always  &ee  £rom  any  admixture 
of  nitrogen  ('V},— carburetted  hydr<^^  gas  (which  has  bees 
used  for  more  than  a  thousand  years  in  the  Cliiuese  province 
of  Sse-tchuan,('")  and  recently  in  the  village  of  Fiedooia 
in  the  NorUi- American  State  of  New  York,  both  for  culinaiy 
purposes  and  for  illumination), — sulphuretted  hydrogen  and 
sulphurous  vapours, — uid  more  rarely  sulphurous  acids  and 
hydrochloric  acid  gas.(iM)  The  fissures  of  the  earth  from 
whence  the  vapouia  and  gases  issue  are  not  peculiar  to 
districts  of  active  or  of  Iodj;  extinct  volcanoes,  but  occur 
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dao  in  countries  where  neither  toaol^  AM  oUwr  -rcAeaSo 
Tocka  are  present  at  the  snrboe.  In  the  Cwdillera  of 
Qouidia,  at  an  elevation  of  6830  English  feet  above  the 
sea,  I  faav^  seen  sulphur  deposited  in  mica  slate  &0111  hot 
fislphureoDS  vspoars;  ("7)  and  to  the  soath  oS  Qoito,  in 
the  Cerro  Cuella,  near  Tiscan,  the  same  rockj  which  wm 
formerly  regarded  as  primitive,  contains  so  immense  deposit 
of  sulphur  imbedded  in  pure  quarts. 

Of  gaseous  emissions,  those  of  carhonie  acid  are,  as  far 
as  we  yet  know,  the  most  numeroos  and  the  most  abaz^ 
dant  In  G«naany,  in  the  deep  ravines  of  the  Cifel,  in 
the  vicimty  of  the  Laacher-See,  ia  the  ctst«r-like  valley  of 
Wehr,  and  in  Weatam  Bohemia,  exhalations  of  carbonic 
acid  gas  s^tpear  as  a  last  dfort  of  volcanic  activity,  in  and 
near  its  ancient  foci  in  an  earher  state  of  the  globe. 
With  the  high  terrestrial  temperatures  ^  that  period,  and 
the  numerous  fissures  which  were  not  then  filled  np,  the 
processes  which  we  have  here  described,  and  in  whieh  carbonio 
acid  gas  and  hot  steam  mingled  in  considerable  qoantaties 
with  the  atinoephere,  must  have  acted  far  more  powerfiilly; 
Rnd  then,  as  Adolphe  Brongniart  has  shewn,  the  v^etabla 
world  must  have  attained  everywhere,  almost  independently 
of  geo^phicol  position,  the  most  luxuriant  development  and 
8bandwice.{'W)  in  this  constaatl^  warm  and  moist  atmos- 
phere loaded  with  carbonic  add  gas,  pltmts  must  have  found 
both  the  Btimulua  and  the  superabundant  nourishment,  which 
ptepared  them  for  becomii^  the  materials  of  those  nearly 
inexhaustible  stores  of  coal,  on  which  the  j^ysical  power  and 
prosperity  of  nations  are  based.  Beds  of  this  fuel  am 
accumulated  in  basins  In  particnlar  ports  of  Europe,  in  the 
British  Islands,  in  Belgium,  in  France,  on  the  Lower  Bhine, 
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wnd  in  apper  Sflesia.  At  the  same  eaAy  period  of  generally 
distributed  volcanic  activitj,  there  also  issnied  from  the 
earth  the  enoimous  qo&ntitj  of  carbonic  acid,  which,  in 
combination  with  lime,  has  formed  the  limestone  rocks,  and 
of  which  the  carbon  sioae,  in  a  solid  form,  constitntes 
about  the  eighth  part  of  their  absolute  biilk.  (^»)  The 
portion  of  carbonic  acid  which  was  not  absorbed  by  the 
alkaline  earths,  but  still  remained  in  tiie  atmosphere,  was 
gradually  consumed  by  the  luxuriant  vegetation ;  and  the 
atmosphere  being  thus  pmified  by  the  vital  action  of  plants, 
retained  only  that  extrunely  minute  portion  which  we 
novr  hnd,  and  which  is  not  injurious  to  the  present  condi* 
tion  of  animal  life.  More  abundant  nthalations  of  the 
vapours  of  sulphuric  add,  in  the  inland  waters  of  l.he  ancient 
world,  appear  to  have  oecasioneii  tlie  destruction  of  the  m- 
merous  species  of  fish  and  mollusca  which  inhabited  them,  and 
tlie  foimation  of  the  contorted  beds  of  gypanm  which  have 
doubtless  hoesa  subjected  to  the  Ireqnent  action  of  earthquakes. 

Gases,  liquids,  mud,  and  melted  lavas  (the  last  emitted 
through  volcanic  cones,  and  to  be  regarded  as  a  kind  of 
"  intermittent  springs,"  {*™)  all  issue  from  the  earth  at  the 
present  day  under  similar  relations.  All  these  substances 
owe  their  temperature  and  their  chemical  nature  to  the  place 
of  their  origin.  The  mean  temperature  of  springs  is  less 
thiui  tliat  of  the  air  at  the  points  where  they  issue,  when 
their  waters  descend  from  greater  elevations;  and  the  tem- 
perature increases  according  to  the  depth  of  the  stratum 
with  which  they  are  in  contact  at  their  origin.  Tlie  nu- 
merical law  of  this  increase  has  been  akeady  stated ;  but 
I  have  founds  from  my  own  observations  and  those  of  my 
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oompEuiions  in  Northern  Asia,  that  the  miEtare  of  the  waten 
from  the  rarioos  sooroes  from  which  aprings  originate— 
moaataim,  hillB,  or  deep  subterranean  atiata — makes  it  very 
difficult  to  determine  the  poeitioii  of  the  "  Isogeo^erm*] 
lines"  (*^>)  (lines  of  equal  internal  terrestrial  heat),  from  tin 
tonperatoie  of  water  as  it  iasoee  from  the  earth.  The  tem- 
peratnre  of  springs,  whioh,  for  the  |ast  half  century,  has  been 
BO  much  an  object  of  physical  research,  depends,  indeed,  like 
the  limit  of  perpetual  snow,  on  the  concurrent  influence  of 
many  and  reiy  complicated  canses.  It  is  a  function  of  the 
temperature  of  the  stratum  in  which  they  take  their  rise,  d 
the  specific  heat  of  the  soil,  and  also  of  the  quantity  and  tem- 
perature cS  the  water  which  falls,  in  rain,  anow,  or  hail,  (*'*^ 
rad  which,  from  tjie  conditions  of  its  origin,  has  a  different 
temperatnie  from  thst  of  the  air  in  the  lower  portion  of  the 
atanosphere.  (**)  In  order  that  cold  springs  may  shew  tlm 
toue  mean  temperature  of  the  place  where  th^  issue  from  the 
ground,  thej  must  be  unmixed  with  waters  coming  either  frtnn 
great  dqiths,  or  from  mountun  elevations;  and  th^  must  have 
passed  through  a  long  subterranean  course,  at  a  depth  below 
the  surface  of  about  forty  to  sixty  feet  in  our  latatnde^ 
■nd,  according  to  Boussinganlt,  of  one  French  foot  within 
the  tropics :  {^  these  depths  being  those  at  which  the 
tonperature  is  supposed  to  be  constant,  or  unaffected  by  the 
horary,  diurnal,  or  monthly  vaiiatioua  of  the  temperature  ti 
the  atmosphere. 

Hot  springs  bsne  from  rocks  of  every  kind;  the 
hottest  permanent  springs  yet  known  ore  those  found  by 
myself,  at  a  distance  from  any  volcano, — tfie  "  Aquas  cs- 
lientes  de  las  Trineheras,"  in  South  America,  between 
Porto  Cabello   and  New  Valencia,  and  the  -"Aquas  de 
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0<HnangilIa»,"  in  the  Mexican  tcziitoTf  near  GnuMmato.  Hk 
first  of  these  had  a  temperataKC^90°.8  Cent.  (104°.6  Eahr.), 
and  issued  in  granite;  &s  latt«r  in  baaslt,  witb  a  teii]> 
perature  of  96^.4  Cent  (205°.&  ¥iia.).  AcoofdiDg  to  onr 
present  knowledge  of  tlie  incKfiM  of  heat  at  incnaamg 
d^thsj  the  strata)  hj  contact  with  which  thcK  tonpentniee 
-were  acquired,  an  probabl;^  sitaated  at  a  deptti  of  about 
7800  Eng^h  feet,  or  above  two  geogn^cal  miles.  K  the 
internal  tenestrifd  heat  be  the  general  canse  of  tiunnal  springB 
as  well  as  active  volcanoes,  the  rocks  which  the  watoa 
traverse  can  influence  the  temperature  only  hj  their  diSeient 
capacity  for  beat  and  thdr  condncting  powen.  The  hottest 
permEHieiit  springs  (between  95°  and  97°  Cent.,  or  303° 
and  209^  Fahr.)  are  also  the  purest,  contusing  the  smallesi 
portion  of  nuneril  sabstuicw  in  solution,  but  their  tempera- 
ture appears  to  be  less  conatant  than  Uiat  of  springs  between 
50°  Mid  74°  Cent.  (122°  and  165°  Fahr.),  which,  in  Europe  at 
least,  have  been  found  remarkably  uniform,  both  in  tem- 
perature and  mineral  contente ;  having  undergone  no  change 
for  the  last  fifty  or  sixty  years,  or  since  the  application 
of  exact  thennometrio  measuremeQt  and  accurate  chemical 
analysis.  The  thermal  sj^ga  of  las  Triacheres,  on  the 
other  band,  have  increased  about  7°C^t.  {oi  12°  Fahr.)  in 
twmty-three  yeais;  their  temperature  having  been  observed 
by  myself,  in  1800,  to  be  90°.3  Cent.  (194°5.  Fahr.),  while 
in  1828,  accta^g  to  Boas8iiigault,(M6J  it  reached  97°  Cent, 
(or  206°. 6  Fahr.}.  This  gently  fiowing  source  is  therefore,  at 
the  present  time,  almost  7°  Cent.  (12°.6  Fahr.)  hotter  than 
the  intenuitting  fountains  of  the  Geyaer  and  the  Strokr,  of 
which  the  temperaturea  have  been  recently  detennined  with 
great  care  by  Krug  of  Kidda.  The  elevation  of  the  new 
volcano  of  JoruHo,  nnkuowu  before  my  American  jonrlnev. 
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offers  a  remarkable  example  of  ordinary  rain  water  siirkRig 
to  a  great  depth,  where  it  acquires  heat,  and  afterwards  re- 
appears  at  the  Burface  of  the  earth  as  a  thermal  spring. 
When,  in  September  1759,  Jomllo  was  suddenly  elevated  to 
a  height  of  1682  English  feet  above  the  surroTinding  plaii^ 
the  two  small  streams  called  Itio  de  Cutimba  and  Bio  de  San 
Pedro  disappeared,  and  some  time  afterwards  broke  forth 
afresh  from  the  gronnd  during  severe  earthquake  shocks, 
forming  springs,  whose  temperature,  in  1803, 1  found  to  be 
65°.8  Cent,  (or  150^.4  Fahr.) 

The  springs  in  Greece  still  Sow  at  the  same  places  aa 
in  the  Hellenic  times :  the  spring  of  Erasinos,  on  the  slope 
of  the  Cliaon,  two  hours'  journey  to  the  south  of  A^os, 
was  mentioned  by  Herodotus ;  the  Cassotis  at  Delphi,  now 
the  well  of  St.  Nicholas,  still  rises  on  the  south  of  the 
Iiesche,  and  its  waters  pass  under  the  temple  of  Apollo ;  the 
Castalian  fount  still  Sows  at  the  foot  of  Parnassus,  and  the 
Pir^an  near  Acro-Gorinth ;  the  thermal  waters  of  ^depsos 
in  Eubcea,  in  which  Sylla  bathed  during  the  war  of  Mitiui- 
dates,  still  exist.  (308)  I  take  pleasure  in  citing  these  details, 
which  sh^  that,  in  a  country  subject  to  frequent  and 
violent  earthquakes,  the  relative  condition  of  the  strata,  and 
even  of  those  narrow  fissures  through  which  these  waters  find 
a  passage,  has  continued  unaltered  during  at  least  two-thou- 
sand years.  The  "  Fontaine  jaiUissante"  of  Lillers,  in  the 
DSparfement  du  Pas  de  Calais,  bored  in  1126,  still  reaches 
the  same  height,  and  gives  the  same  quantity  of  water,  as  at 
first.  I  may  add  that  the  encellent  geographer  of  the  Cara> 
manian  coast,  Captain  Beaufort,  saw  in  the  district  of  the 
ancient  Phasetis,  the  same  flMues  fed  by  emissions  of  the 
Etune  inflammable  gas,  which  Pliny  has  described  as  the  flame 
of  the  Lyciaa  Chimera.  («") 
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The  remark  made  by  Arago,  in  1821,  that  the  deepest 
Afteaian  wells  are  the  warmest,  threw  new  and  important' 
light  OD  the  origin  of  thermal  springs,  and  on  the  investiga- 
tioc  of  the  law  of  increase  of  terrestnal  beat  at  increas* 
ing  depths.{2'«)  It  ia  a  striking  circumstance,  which  has 
been  only  recently  noticed,  that,  at  the  end  of  the  third  cen- 
tury,SaiutPatriciu3,{>''9j  who  was  probably  bishop  of  Pertusa, 
^vaa  led,  by  a  consideration  of  the  hot  springs  which  issuo 
from  the  ground  near  Carthage,  to  form  very  correct  views 
r^arding  these  phccnomena.  To  inquiries  as  to  what  might 
be  the  cause  of  boiling  water  thus  iasning  from  the  earth, 
be  repHed,  "  ;^ire  ia  nourished  in  the  interior  of  the  earth 
as  well  as  in  the  clonds,  as  yon  may  leam  both  from  Mount 
£tna  and  another  mountain  near  Naples.  Watera  rise  Irom 
beneath  the  ground  as  in  siphons ;  those  at  a  dicitance  from 
the  subterranean  fire  are  colder,  but  tliose  which  have  their 
source  near  the  fire  are  heated  by  it,  and  bring  with  them  to 
ihe  surface  which  we  inhabit  an  insupportable  degree  of  beat." 

As  earthquakes  are  often  accompanied  by  emissions  of 
water  uid  elastic  fioids,  we  may  recognise  in  the  SaUen,  or 
smfdl  "  mud  volcanoes,'*  a  transitional  phtenomenon  between 
issues  of  gaseous  fluids  and  of  thermd  springs,  and  the  grand 
and  awful  phienomenon  of  streams  of  lava  issuing  from 
burning  mountains.  On  the  one  hand,  we  may  consider 
the  mountains  as  springs  or  fountains  sending  forth,  in- 
stead of  water,  molten  earths  forming  volcanic  rocks ; 
and,  on  the  other  hand,  we  should  remember  that  thermal 
springs,  impregnated  with  carbonic  acid  and  sulphurous 
gases,  are  continually  depositing  successive  horizontal  beds 
of  travertin,  or  forming  conical  hills  as  in  Algeria  in  Nor 
them  Africa,   and  in  the  Bfinos  of  Cazamaica  on  tho 
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western  dedinty  of  Uie  FetaTiiiQ  chnin  of  the  Andea.  TIm 
traveitin  of  Taa  Diemen  Island  (near  Hobutoo)}  contun^ 
•s  we  learn  from  Charles  Darwin,  the  remains  of  vegeta- 
tion bebn^ng  to  tia  ta^a  ages  of  the  world.  It  maj  be 
noticed,  that  iava  and  tnvettin,  which  are  rocks  still  fonned 
beneath  onr  ejesj  present  to  as  the  two  extremes  in  geologic 
cal  relations. 

The  phenomena  of  mad  volcanoeo  are  deserving  of  more 
■ttention  than  geolc^iBta  have  hitherto  given  to  them  ;  their 
grandenr  has  been  overlooked,  becaose,  of  the  two  phases 
presented  b^  tiiem,  it  is  only  the  second,  or  calmer  state, 
lasting  for  centnries,  which  has  nanalljr  been  described  :  bat 
their  origin  is  accompanied  by  earthquakes,  subterranean 
tliimder,  the  elevation  of  great  districts  of  conntiy,  and  lofty 
jets  of  flame  of  short  duration.     When  the  mad  volcano  of 
Jokmali,  on  the  peninsula  c^  Abscheron,  east  of  Baku  on 
the   Caspian   Sea,   was  first  formed,  on  the  27th  of  Ni>> 
vembn,  1827,  flames  blazed  np  to  an  extraordinary  hei^t 
for  a  space  of  three  hours,  and  during  the  following  twenty 
hours  they  rose  about  three  feet  above  the  crater  from 
which  mud  was  ejected.    Keat  the  village  of  Ealdlchli,  west 
of  Baca,  the  column  of  flame  rose  so  high  that  it  conid  be 
seen  at  a  distance  of  twenty-four  miles.     Enormous  tn^ 
ments  of  rock,  torn  doubtless  from  depths,  were  hurled  to  a 
great  distance  round.    Similar  fragments  are  seen  around  tin 
sow  tranquil  mud  volcano  of  Monte  Zibio,  near  Sassuolo  in 
Northern  Italy.      For  fifteen  centuries,  the  Sihcian  Sdse 
near  Gii^nti  (Macalnbi),  described  by  the  ancienls,'  baa 
continued  in  the  secondary  stage  of  activity;   it  consist)  of      , 
several  conical  mounds,  from  eight  or  ten  to  thir^  feet       l 
high,  Bnbject  to  variation  both  in  form  and  height.    Streams       I 
of  argillaceoaa  mud,  accompanied  by  periodical  disengage-       i 
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sncnts  of  gas,  flow  from  very  small  basiiu  contaimug  water 
act  the  nunmita  of  ihe  oones.  In  tiiese  cases  tiie  mud  i> 
iisnally  cold,  bat  aometimea  it  has  a  higli  temperature,  as 
at  I>atna]t  in  the  province  of  Samatang  in  Jara.  The  gaaeons 
eraptiona,  which  are  acoompanied  b;  noiae,  vary  in  their 
ustare,  coiiBistbg  sixnetivies  of  hydmgeii  gas  mixed  with 
Tiaphtha,  sometJmea  of  carbonic  add,  and  even  occasionally 
of  almost  puie  nitrograi,  u  Parrot  and  myself  have  shewn 
in  tie  peninsala  of  Tamaa,  and  in  the  South  American 
volcancitos  of  T[iibaco.(^">) 

After  the  violent  expIoHiona  and  flames  which  accom- 
pany  the  first  appearance  of  mad  volcanoea,  and  which 
may  not  perhaps  be  common  to  all  in  an  eqnal  degree, 
they  present  to  the  obsorer  an  image  of  the  constant 
bat  feeble  activi^  of  the  intmor  of  the  ^obe.  It  would 
seem  as  if,  soon  after  their  first  formation,  the  cbanneis 
of  commuBication  with  the  veiy  deep  strata  having  a 
high  temperature  became  obstructed,  and  the  coldness 
of  the  mud  onitted  i^pma  to  indicate  tliat^  during  the 
more  permanent  condition  of  the  phKnomenon,  the  seat  of 
activity  is  Rtuated  not  v^  far  below  the  snrfaee.  The 
reaction  of  the  interi<»  of  the  earth  upon  its  (xnst  manifests 
itself  ^  m^e  powerfnUy  in  volcanoet  properly  so  called, 
viz.  at  points  where  theie  exists  a  communication,  either 
permanent  or  reopened  frasa  time  to  time,  with  deep-seated 
volcanic  foci.  We  must,  however,  carefully  distinguish  be- 
tween volcanic  phenomena  of  greater  or  less  intensity, — 
b^een  earthquakes,  thermal  springs,  and  jets  of  steam ; 
mnd  volcanoes ;  the  elevation  of  bell-shaped  or  dome-shaped 
trachftic  hills  or  mountains,  without  openings ;  the  forma- 
tion of  an  opening  at  the  summits  of  such  mountains,  or  of 
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craters  of  elevation  in  basaltic  diatriets;  and  laatly,  the 
appearance  of  a  permanent  volcano  vithin  the  crater  of 
elevation  itself,  or  ^uong  the  debris  of  its  earlier  formatioD. 
At  different  epoch?,  and  in  different  stages  of  activity  and 
force,  permanent  volcanoes  emi^  aqueous  or  acid  vapours 
and  ignited  scoriffi,  or,  when  the  resistance  is  overeoiney 
glowing  streams  of  molten  earth. 

Sometimes  great  bnt  local  manifestations  of  force  in  the 
interior  of  our  planet,  acting  b;  means  of  elastic  vapoury 
upheave  portions  of  the  Earth's  crust  in  dome-shaped  un- 
broken masses  of  felspathic  trachj^  and  of  dolerite  (Puj  de 
Borne  and  Chimborazo] ;  or  the  upheaved  strata  are  broken 
through,  BO  as  to  present  a  slope  on  the  exterior  side,  and 
a  steep  precipice  towards  the  interior  which  forms  the  iuclo- 
snre  or  bounding  wall  of  a  crater  of  elevation,     When  it  is 
a  part  of  the  bottom  of  the  sea  which  has  been  thus  ele- 
vated (which  is  bj  no  means  tJwajs  the  case),  the  fons 
and  character  of  the  upheaved  island  are  determined  there- 
fay.     In  this  manner  have  ori^neted  the  circular  form  of 
Palma,  so  well  described  by  Leopold  von  Bnch,  and  also 
that  of  Niayros  in  the  ^gean  Sea.("')     Sometimes  a  part 
of  the  annidar  circumference  has  been  destroyed,  and  in  the 
bay  where  the  sea  has  entered,  families  of  coral  animus 
have  bnilt  up  their  cellular  habitations.     Even  on  cottti' 
nents,  craters  of  elevation  are  often  filled  with  water,  and 
the  lakes  thus  formed  impart  to  the  landscape  a  picturesque 
beauty  of  a  very  peculiar  kind.     Tlie  formation  of  tliese 
"  craters  of  elevation"  is  independent  of  the  nature  of  tJie 
rock ;  they  are  found  in  basalt,  trachyte,  lencite  porpl^ 
(Snmma),  tmd  in  combinations  of  angite  uid  labradorite: 
hence  the  varieties  of  their  form  and  aspect.  "No  phsnomeiu 
of  eruption,  however,  proceed  from  these  craters ;  noi  ia 
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there  any  permanent  chamiel  of  commnnicatioti  open  irith 
the  interior;  it  is  only  raiely  that  any  traces  of  modem 
volcamc  activity  are  found  either  within  them  or  in  tlieii 
vicinity.     The  force  capable  of  prodncing  such  consideTablo 
effects  must  have  been  long  accnmnlsting  in  the  interior, 
before  it  acquires  anfBcient  strength  to  overcome  the  resist- 
ance of  the  superincombent  mass,  and  ie  enabled,  for  example, 
to   raise  new  islands  above  the  sor^e  of  the  ocean,  by 
breaking  throagh  granular  rocks  and  conglomerates  (strataof 
tnfe  containing  marine  plants).     The  atron^y  compressed 
vapours  escape  tbrcogh  the  crater  of  elevation,  bnt  the  great 
upheaved  mass  again  falls  back,  and  recloees  the  opening 
thua  momentanlj  produced  by  a  vast  effort      No  volcaao 
conld  in  such  case  he  formed."  ('") 

A  volcano,  properly  so  called,  exists  only  where  a  pex- 
iDasent  commnnication  is  established  between  the  interior  of 
the  earth  and  the  atir.ospb»« :  the  reaction  of  iJie  intcsiw 
upon  the  surface  is  in  such  case  continned  during  long 
periods  of  time,  and  although  interrupted  for  centuries,  as 
in  the  case  of  Vesuvius  ('•'),  it  may  afterwards  be  re- 
newed with  fresh  energy.  In  the  time  of  Nero  there  was 
a  disposition  to  class  Mount  Etna  amongst  the  bnraing 
moontains  which  were  gradoally  becoming  extinct ;  {"*) 
and  fit  a  still  later  epoch  ^lian  even  affirmed  that  the 
gmniQit  of  the  mountain  was  subsiding,  that  mariners  could 
no  longer  discern  it  at  so  great  a  distance  from  the  shore  as 
fismerly.  (*•*)  "Where  traces  of  the  first  eruption  exist, — or 
where,  if  I  may  so  express  myself,  the  primitive  scaffolding 
is  still  preserved  entire, — the  volcano  rises  from  the  middle 
of  the  crater  of  elevation,  and  the  isolated  cone  is  surrounded 
by  an  amphitheatre  of  lofty  precipice  composed  of  greatly 
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jncliaed  strata :  but  frequently  no  trace  of  this  circular  nnh 
put  can  be  perceived ;  and  the  volcano,  which  is  not  alw^ 
of  a  conical  form,  lisea  immediately  from  tke  table  land  like 
the  ridge-shaped  rolcano  of  Pi<diinDhak  at  the  foot  of  wbiidi 
the  town  of  Quito  is  built. 

Ab  the  nature  of  rocks,  or  the  mixture  or  nssodatioD 
of  fdmple  minends  which  unite  to  form  granite  gneiss,  and 
mica  slate,  trachyte,  basalt  and  dolerite,  is  wholly  indepea^ 
'  dent  ot  our  present  cHinates,  and  is  the  saine  in  all  latitodea 
and  all  regions  of  the  euth;  so  also  we  see  that  ere^- 
where  in  inorganic  nature  Uie  same  laws  r^nlate  the  wipep- 
positioii  of  the  strata  composing  the  crust  of  the  globe,  thcar 
mutual  penetrations,  and  their  elevatioii  by  the  agency  of 
elastic  forces.  In  volcanoes  especially,  the  identity  of  form 
and  structure  ia  peculiarly  striking.  The  navigator  amongst 
islands  of  remote  seas,  where  new  stars  replace  those  on 
which  be  has  been  accustomed  to  gaze,  and  where  he  finds 
himself  snirounded  by  palms  and  other  unfamiliai  forms  of 
«D  esotic  flora,  yet  ieG<^izes  in  the  features  of  inorganic 
nature  which  characteiiae  die  landscape,  the  forms  of 
YeeaviuB,  of  the  dome-shaped  sunmiite  of  Auve^ne,  of 
(he  craters  of  elevation  of  the  Cimaries  and  the  Azores,  tmd 
of  the  fissuresof  eruption  of  Iceland.  The  analogies  thus 
noticed  recave  a  still  wider  generalization  when  we  view  the 
attendant  satellite  of  our  planet.  The  maps  of  the  mooi^ 
which  have  been  traced  by  the  aid  of  powmfnl  telescopes, 
exhibit  to  us  a  surface  devoid  of  air  and  water,  abounding  in 
vast  craters  of  etevatioii  surrounding  or  supporting  conical 
eciinences ;  tlias  dearly  evidencing  the  effects  of  the  reaction 
of  the  interior  of  the  moon  upon  its  exterior ;  a.  reaction  h- 
TOOied  by  the  feebler  influence  of  gravitation  at  the  sutfaoe. 
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AltiioDgli  volcanoes  are  jaB&j  termed  in  manj  langaages 

**  fire-emitting  monnteins,"  they  ue  not  formed  by  tbe 

gradual  Kccomnlfttion  of  erapted  streams  of  lava ;   tbej  ap> 

pear,  on  the  contnu?,  to  originate  generally  in  a  rodden  eleva- 

tion  of  masses  of  trachyte  or  aogitic  rock  in  a  softened  state. 

The  degree  of  intensity  of  tbe  upheaving  force  is  shewn  by 

tlie  height  of  the  volcano,  which  varies  from  ttiat  of  a  mere  hill 

sach  as  the  volcano  of  Cosima,  one  of  the  J^ianese  Enrile 

islanda,  to  that  of  a  oone  of  above  18000  feet  of  elefation. 

It  has  appeared  to  me  that  &e  height  <J  volcanoes  eiadses  a 

great  infiuence  on  thefteqoencyof  (niption8,whichBrefarmoie 

namerouB  in  tho  lower  than  in  loftier  volcanoes.  As  imtancea 

J  may  place  in  a  series, — Stromboli  (2176  French,  or  2318 

English  feet) :  Qnacami^o,  in  the  ^vince  of  Qqiiob,  whence 

detonations  are  heard  afanost  daily;    (I  have  often  heaid 

them  myself  at  Ghillo,  near  Qnito,  at  a  distance  td  88  miles:] 

Tesurios  (3637  French,  or  8876   En^  feet) :     Etna 

(10200  French,  or   10870  English  feet) :     the  Peak  of 

Tcmeriffe   (11424  French,  or  12175  English  feet):    and 

Cotopaxi  (17892  FroKih,  <«  19070  £n^h  feet).     If  we 

flnj^Nwe  the  seat  of  action  to  be  at  an  eqnal  depth  below 

Uie  general  snrfaee  of  the  earth  in  the  case  of  all  these 

volcanoes.  It  most  require  a  greater  force  to  raise  ilie 

miMea  masses  in  the  case  of  the  higher  moontainH.     It  is 

not  tiieiefoie  surprising  that  the  one  whose  elevation  ia 

least  considerable,  Stromboli  (Strongyle),  should  have  been 

in  a  state  of  conBteiit  activity  from  the  Homeric  times, 

and  should  still  serve  as  a  flaming  beacon  to  mariners  who 

nsrigiite  the  lynhenian  Sea,  whilst  the  loftier  volcanoes  are 

chancterised  by  longer  intervals  of  repose.    Thus  also  we  see 

the  eruptions  of  most  of  the  colossal  summits  which  crown 
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the  chain  of  the  Andes  separated  iy  intervals  of  almost  i 
century.  To  this  law  I  long  since  called  attention; 
ftiid  where  exceptions  occur,  they  may  perhaps  be  explains^ 
by  the  channels  of  commnuication  between  the  volcanic 
seat  of  action  and  the  crater  of  eroption  not  being  in  &U 
cases  alike  permanently  free;  since  this  channel  may  ba 
temporarily  obstmcted  in  some  volcanoes  of  moderate  eien^ 
tion,  so  that  eruptions  may  become  more  rare,  ivitfaoDt 
any  immediate  prospect  of  their  absolute  extinction. 

These  considerations,  respectii^  the  retation  of  the  height 
of  volcanoes  to  the  frequency  of  their  eruptions,  naturallj 
conduct  us  to  an  examination  of  the  causes  which  determine 
tlie  place  at  which  the  lava  issues  &om  the  mountain.      In 
many  volcanoes  eruptions  from  the  orater  are  extremely  rare; 
they  more  often  take  place  {as  was  remarked  in  the  case  of 
Etna  ill  the  sixteenth  century  by  the  celebrated  historian 
Bembo  (^^^),  when  a  youth),  from  lateral  openii^  formed  in 
those  parts  of  the  walls  of  Ihe  upheaved  mountain,  whicl^ 
from  their  nature  and  shape,  may  offer  the  least  resistance: 
Sometimes   "cones   of  eruption"  rise  over   these  lateral 
fesures;    and  in  this  case  the  larger  cones,  erroiieoasly 
denominated   "new  volcanoes,"   are  ranged  in  rows,  i* 
dicating  the  line  of  fissure,  which  is  speedily  redosed; 
while  the  smaller  cones,    which    are    shaped   like   beOs 
or  bee-hives,  form  numerous  crowded  groups,  which  cover 
large  spaces  of  ground.     To  the  latter  class  belong  the 
"honiitos  de  Jorullo"  (•")  and  the  cones  of  emption  of 
Vesuvius  in  October  1822,  those  of  the  volcano  of  Awatscha 
according  to  Fostels,  and  of  the  lava  field  described  by 
Erman,  near  the  Baidai  mountidns,  in  the  pemnsola  i^ 
Knmtsehatka. 

,  ,- Cooj^le 
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Wli«e  volcanoes  ue  not  isolated  in  the  midst  of 
plains,  but  are  sairoanded,  aa  in  the  doable  cb^  of  the 
Andes  of  Quito,  by  a  table  land  from  nine  to  twelve  tbou- 
sand  feet  high,  this  circumstance  may  very  probably 
Bcconnt  for  the  non-production  of  streams  of  lava  during 
the  most  dreadful  eruptions  of  ignited  scorite,  which  are  some- 
timea  accompanied  by  detonations  heard  at  distances  of  more 
than  fonr  hundred  miles.  (^'B)  Such  are  the  volcanoes  of 
Popayan,  of  the  table  land  of  los  Paatos,  and  of  the  Andes 
.  of  Quito;  the  volcano  of  &ntisana  may  possibly' form  an 
exception. 

*  The  height  of  the  cone  of  cinders,  and  the  mc^itude  and 
form  of  the  crater,  which  are  the  principal  elements  of  4^ 
individual  character  of  volcanoes,  are  independent  of  the 
dimensions  of  the  mountain  itself.  In  Vesuvius,  which  is 
only  a  third  of  the  height  of  the  Peat  of  Teneriffe,  the  cone 
of  ashes  rises  to  a  third  of  the  height  of  the  whole  mountain, 
while  the  cone  of  the  Peak  amounts  to  only  l-22d  part  of 
its  altitude ;  in  the  case  of  the  Rucu-Pichiucha,  a  volcano 
much  loftier  than  Teneriffe,  the  proportions  much  more 
nearly  resemble  those  of  Vesuvius.  Among  all  the  volcanoes 
which  I  have  had  an  -opportimity  of  seeing  in  both  hemi- 
spheres, the  conical  form  of  Cotopasi  is  at  once  the  most 
r^pdar  and  the  mo?t  picturesque.  A  sudden  melting  of  the 
■now  on  its  cone  of  cinders  announces  the  near  approach 
ti  an  eruption;  even  before  smoke  is  seen  to  ascend 
thtoQgb  the  rarefied  atmosphere  wliieh  surronnds  tlie  sum- 
mit, and  the  crater,  the  walls  of  the  cone  of  cinders  some- 
times become  glowing,  and  the  mass  of  the  mountain  itself 
then  assumes  an  aspect  of  awful  and  portentous  blackness. 
The  crater  which,  exc^t  in  very  rare  instances,  alwayi 


220        nSAcnoM  ov  the  intesiob  op  thk  eabih 

occupes  the  samimt  of  the  Ttdcaoo,  fonns  a  deep  circnhtt 
end  often  accessible  caldron-like  valley,  the  bottom  of  which 
IB  sabject  to  constant  change.     In  many  volcanoes   the 
gteattt  or  lesa  depth  of  the  crater  is  a  sign  of  the  greater  or 
leas  time  elapsed  since  the  last  eruption.     Long  aarrow 
fissniea  &om  niiich  vapours  escape,  or  small  circular  hollova 
filled  with  substances  in  a  state  of  fusion,  alternatelj  open 
and  close  vithin  the  crater.    I^e  ground  intumesces  and 
aabsides,  uid  mounds  of  scorice  and  cones  of  eruption  rise 
sometimes  high  above  the  snrroimding  wall  of  the  crater, 
giving  the  volcano  a  peculiar  character,  which  may  last  for 
jears,  until,  during  a  new  emption,  the  mounds  and  cones 
sink  or  otherwise  disappear.     The  openings  of  such  conea 
of  eruption,  rising  from  tlie  bottcmi  of  tJie  crater,  ought  not  to 
be  confounded,  as  th^  sometimes  have  been,  with  the  cnta 
itself  which  incloses  them.     When  the  latter  is  inacces- 
nble  &om  its  great  depth  and  precipitous  descent,  as  is  tha 
case  of  Bucu-Fichincha,  (14946  Erench  feet  in  h^ght),  the 
traveller  may  look  down  from  the  edge  on  the  summits 
which  rise  &om  the  depth  bdow,  through  the  sulphureooa 
vapours  by  which  the  valley  of  the  <aater  is  partially  filled. 
This  spectacle  is  a  magnificent  one.     I  have  uever  seen 
Dature  under  an  aspect  more  grand  ^d  wonderM  than  in 
the  view  &om  the  edge  of  the  crater  of  Pichinche.    In  tlis 
interval  between  two  eruptions,  a  crater  may  eitlier  offer  to 
the  eye  no  phtenomeQon  whatever  of  inciatdescence,  bul 
merely  open  fissures  from  which  steam  issues ;   or  the  geo- 
logist who  is  able  to  approach  the  cones  of  scorise  without 
danger  over  a  soil  only  slightly  heatfd,  may  enjoy  the  view 
of  the  eruption  of  burning  fragments  which  Ml  back  on  tin 
fiaoks  of  the  mounds  from  whence  they  have  issued.    IM 
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aach  explosion  is  regalaFlf  anaoanoed  by  small  aod  padj 
local  eartliqaake  shocks.     Som^mea  lava  m  pooled  oat 
from  the  open  fissoiea  or  hollows,  bat  vithout  making  ita 
way   beyond  the  aides  of  the  cr<d:er;   and  wbeti  it  does 
break  through  them,  the  new  stnam  of    molten    rock 
osnally  finds  a  coozse  which  does  jwt  prerent  the  great 
crater-valley  itself  from  being  accessible  even  during  socli 
minor  eruptions.     The  mai^iiu  of  craten  ^ipear  to  undergo 
tax  less  variation  than  might  have  been  expected;   for  ex- 
ample, in  the  case  of  Vesuvius,  Sanssure'a  meaaurooeata 
compared  with  mine,  shew  that  no  change  beyond  the  limits 
of  observation  error  took  place  in  the  height  of  the  n(»tfa- 
westera  edge  of  the  volcuio,  the  Bocca  del  P^  in  the 
interval  of  forty-nine  years,  from  1773  to  1822.  (»'■)     I 
have  been  solicitous  to  give  an  accurate  idea  of  the  form  and 
normal  structure  of  volcanoea,  without  which  it  is  impos- 
sible to  attain  a  right  understanding  of  phenomena,  which 
have  been  long  much  diafigiued  by  fimoifol  descriptionsj 
mid  by  the  equivocal  and  ill-defined  use  of  the  terms, 
crater,  cone  of  eruption,  and  volctmo. 

Yolcanoes  which,  like  those  of  the  Andes,  rise  hig^  above 
the  region  of  perpetual  snow,  present  peculiar  phenomena; 
the  masses  of  snow,  by  tiieir  sadden  melting  during 
eruptions,  produce  terrible  inundations  and  torrents  of 
water,  by  which  smoking  scoriEe  are  hurried  along  with 
blocks  of  ice;  they  also  exert  a  continued  action  during 
the  periods  when  the  volcano  is  in  a  state  of  entire  repose, 
by  infiltration  into  the  fissures  of  the  taichytic  rocks.  Ca. 
vities  in  the  decUvity  or  at  the  foot  of  the  volcano  are  thus 
gradually  converted  into  subterranean  reservoirs  of  water, 
with  which  the  alpine  torrents  and  rivulets  of  ibs  highlands 
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of  Quito  conunnnicate  bj  QumeTotu  narrow  ch&niiels.     'Rtt  t 
fish  of  these  rivulets  multiply  by  preference  in  the  obscuri^  1 
of  tbe  caverns ;   and  when  the  whole  mass  of  the  volcano  is 
powerfally   shal:ea  by  the  earthqu^e  shocks,   w^hich,  in  ! 
the  Andes,   alwaya   precede  eruptions,  these  subterranean 
eaves  are  suddenly  opened,  and  water,  fishes,  and  tufaceoos  I 
piud,  are  aH  ejected  together.     It  was  by  this  singular  phe- 
nomenon that  the  inhabitants  of  tbe  plains  of  Quito  were 
made  acqoaioted  with  the  little  fish  which  they  call  PreDa-    ' 
dilla,  Pimelodes  cyclopum.  {^)      When,  in  the  night  rf 
the  19th  of  June,  1698,  the  summit  of  the  Carguairazo 
(18000  French  feet  in  height)  fell  in,  leaving  two  immense 
peaks  of  rock  as  the  sole  remains  of  the  wall  of  the  crater, 
masses  of  liquid  tufa,  and  of  argillaceous  mnd  (lodazalesj, 
containing  dead  fish,  spread  themselves  over  and  rendered 
sterile  a  space  of  newly  two  square  German  miles,      ^c 
putrid    fevers    which    seven    years    before    prevailed    in 
the  mountain  town  of  Ibarra,  north  of  Quito,  were  attai-     | 
buted.  to  the  qoantity  of  dead  fish  ejected  in  like  manner 
from  the  volcano  of  Imbaburu. 

Water  and  mud,  which,  in  the  Andes,  do  not  issue  from 
the  crater,  but  from  caverns  in  the  trachitic  mass  of  the 
mountain,  cajmot  be  strictly  classed  unong  volcanic  phaeno- 
mena,  in  the  restricted  sense  of  the  expression.  Theii  con- 
nection with  the  volcanic  activity  of  the  mountain  is  oolj 
indirect,  as  is  that  of  the  singular  meteorological  phceno- 
menon  to  which,  in  my  earlier  writings,  I  have  given  the 
name  of  "  volcanic  storm."  The  hot  steam  which,  during 
the  eruption,  issues  from  tbe  crater  and  mingles  with  tbe 
atmosphere,  condenses  as  it  cools,  and  forms  a  cloud  sur- 
lounding  the  column  of  fire  and  ashea,  which  riaes  to  > 
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height  of  many  thousand  feet.  The  electric  tension  is  in- 
creased by  the  suddenaess  of  the  condensation,  and  also,  as 
Giay-Liissac  haa  shewn,  by  the  fonuatioa  of  such  mi  enor- 
mous surface  of  doud.  Forked  lightnings  dart  from  the 
coliuDQ  of  ashes,  and  (as  at  the  dose  of  the  eruption  of 
Vesuvius,  near  the  end  of  the  month  of  October  1832)  the 
rolling  thunder  of  the  volcanic  storm  is  heard,  and  clearly 
-  distinguished  from  the  sounds  which  issue  from  the  interior 
of  the  volcano.  We  learn  from  Ola&eu's  relation,  that  in 
Iceland  (at  the  voleano  of  Katli^ia,  17th  October,  1755), 
elereu  horses  and  two  men  were  killed  by  lightning  from  the 
cloud  of  volcanic  steam. 

Having  thus  pourtrayed,  as  part  of  the  general  view  of 
nature,  the  structure  and  dynamic  activity  of  volcanoes,  we 
have  nest  to  glance  briefly  at  the  diversity  of  their  materiEd 
products  The  subterranean  forces  dissolve  old  combinations, 
end  form  new  ones ;  but  they  operate  also  by  displacing 
the  otherwise  unchanged  substances  whilst  in  a  state  of 
liquefaction  by  heat.  The  greater  or  less  pressure  under 
which  the  solidification  either  of  liquid  or  of  merely  softened 
substances  takes  place,  appears  to  be  the  principal  cause  of 
the  difference  between  "  plutonic"  and  "  volcanic"  rocks. 
'  The  molten  rock  which  has  issued  in  a  distinct  current 
from  a  volcanic  opening  is  called  lava;  and  where  such 
currents  meet,  and  are  impeded  in  their  course  by  opposing 
obstacles,  they  spread  out  in  breadth,  and  cover  large  areas, 
in  which  they  solidify,  in  superposed  strata.  These  few 
sentences  contain  all  that  can  be  affirmed  g^erally  respect- 
ing the  products  of  volcanic  activity. 

Fn^ments    of   the    rocks    which    have    been    brokoi 
through  by  volcanic  disturbance  are  sometimefl  inclosed  in 
vou  I.  ■      ,     ^ 
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the  igneous  producte.  Tbos  I  have  found  angular  fiag- 
ments  of  fddsp&thic  syeuitfl  imbedded  in  the  biack  augitia 
lava  of  the  volcano  of  JocuUo,  in  Mexico.  But  the  zaaisses 
of  dolomite  and  granular  lime^one  found  in  the  neigV 
bourhood  of  Vesuviua,  coutaining  nu^ificent  groups 
of  CTystallized  minerals  (Tesuvim  and  garnets,  covered 
with  miomte,  nepheline,  and  aodalite),  are  not  substaaces 
which  have  been  erupted  from  that  volcano ;  "  thcj  belong 
rather  to  a  verj  generally  distributed  formation — to  bed! 
of  tufa,  which  are  older  than  the  elevation  of  the  iSomma 
and  of  Vesuvius,  and  were  probably  produced  by  a  sub- 
marine and  deeply-seated  volcanic  action."  ("^')  We  find 
among  the  products  of  existing  volcanoes  five  mefads,  iron, 
copper,  lead,  arsenic,  and  selenium,  the  latter  of  wliich  was 
discovered  by  Stromr-yer  in  the  crater  of  Volcano.  The 
vapours  firom  the  small  cones  contain  chlorides  of  iron, 
copper,  lead,  and  ammonia ;  specular  iron,  (^'")  and  common 
salt,  (the  latter  o^n  in  large  quantities)  are  found  in 
cavities  of  recent  lava  currents,  and  in  fissures  in  the 
margin  of  the  crater. 

The  mineral  composition  of  lava  differs  according  to  tho 
nature  of  the  crystalline  rock  of  which  the  volcano  consists, 
— 4ccordmg  to  the  height  of  the  point  at  which  the  eruption 
takes  place  (whether  at  the  foot  of  the  mountain  or  near  the 
crater), — and  according  to  the  degree  of  heat  of  the  interiw. 
Vitreous  volcanic  rocks,  obsidian,  pearl  stone,  and  pnmic^ 
are  entirely  wanting  in  some  volcanoes;  in  others  they 
proceed  £rom  the  crater  iteelf,  or  at  least  from  consi- 
derable deptis  beneath  it.  These  important  ^nd  complicated 
telations  can  only  be  investigated  by  very  exact  crystallo- 
graphical  and  chemical  examination.      My  Siberian  tra> 
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Telling  oompanion,  Gustav  Bose,  and  sabsequendy  Her* 
maun  Abich,  h&ve  commenced,  with  much  ingenoit; 
anil  success,  tlie  investigatioii  of  the  rtmctnre  of  Tolcanio 
rocks. 

The  greater  part  of  the  vaponr  which  rises  from  volca- 
noes  is  pure  aqueous  Tapour,  which  condeuses  and  fonna 
springs,  as  the  spring  in  the  Island  of  Pontdlaria,  to  which 
the  goat-herds  resort  for  a  supply  of  water.  The  correot 
which,  on  the  morning  of  the  2Sth  of  October,  1822, 
was  seen  to  pour  from  the  crater  of  Vesavius  through 
ft  hiieral  opening,  and  was  long  supposed  to  have  beeu  boil- 
ing mtter,  appears  from  the  careful  examination  of  Monti- 
oeUi,  to  have  consisted  of  dry  ashes,  or  of  lava  pulverised  by 
friction.  The  phfenomenon  of  volcanic  ashes,  which  darken 
the  air  for  hours  and  even  for  days,  and  in  their  fall  cause 
great  damage  to  vineyards  and  olive  trees  by  adhering 
to  the  leaves,  mark  by  their  colunmar  ascent,  upborne 
by  vapours,  the  termination  of  every  great  eruption.  This 
was  the  inagnifieent  phcenomenon  which,  in  the  case  of  Ve- 
suvius, the  younger  Pliny,  in  his  celebrated  letter  to  Corne- 
lius Tacitus,  compared  to  a  lofty  pine  spreading  out  at  iia 
summit  into  wide  shadowing  branches.  The -appearance  of 
flame,  which  has  been  described  as  accompanying  the  erup- 
tions of  scorite,  and  the  red  ^ow  of  the  doods  which  hover 
over  the  crater,  are  not  certainly  true  flames,  or  to  be  attri- 
buted to  the  combustion  of  hydrogen ;  th^  are  rather  due 
to  reflections  from  the  incandescent  substances  projected 
high  in  air,  and  ^so  to  the  ascending  vapours  illumi- 
nated by  the  fiery  sea  within  the  crater  itself.  In  regard  to 
the  flames  seen  occasionally,  as  in  the  time  of  Strabo,  to 
issue  from  the  de^  sea  durini'  the  activity  of  coast  volca- 
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noesj  or  a  short  time  before  the  elevatdoa  of  a  volcanic 
island,  we  can  give  no  explEtnation, 

When  it  ia  asked,  what  it  is  that  burnx  in  volcanoes, — 
what  excites  the  heat,  fuses  the  earths  and  metals,  and  im- 
parts to  lava  currenta  of  great  thickness  {^^3)  a  heat  wliich 
lasts  for  many  years, — the  question  assomea  by  implication, 
that  the  presence  of  materiab  capable  of  supporting  combus- 
tion is  indispensable  in  volcanoes,  like  the  beds  of  poal  iu 
subterranean  fires.  According  to  the  different  phases  which 
chemical  science  has  passed  through,  bitumen,  pyrites,  or  a 
iiiunid  mixtui-e  of  pulverised  sulpbnr  and  iron,  pyrophoric 
substances,  and  the  metals  of  the  earths  and  alkalies,  iiave 
been  successively  assigned  as  the  cause  of  active  volcanic 
phsenomena.  Sir  Humphry  Davy,  the  great  chemist  to 
whom  we  owe  the  knowledge  of  these  latter  most  inflam- 
mable metals,  has  himself  renounced  his  bold  chemical 
hypothesis  in  liis  last  work,  "  Consolation  in  travel,  and  last 
days  of  a  Pliilosopher,"  which  cannot  be  read  without  a  sen- 
timent of  melancholy.  Tlie  high  mean  density  of  the  earth 
(5.14),  compared  with  the  much  inferior  specific  gravity  of 
potassium  (0.S65),  and  of  sodium  (0.972),  or  of  the  metals 
of  the  eartlis  (1.2),  the  absence  of  hydrogen  in  gaseous 
emanations  from  the  fissures  of  craters,  and  from  lava  cur- 
rents which  have  not  yet  cooled ;  and  lastly,  many  chemical 
considerations,  oppose  themselves  to  the  earher  conjectures 
of  Davy  and  of  Ampere.  (^^)  If  hydrogen  were  disengaged 
by  the  eruption  of  lava,  what  prodigious  quantities  of  that  gas 
must  have  been  set  free  in  the  memorable  eruption  at  the 
foot  of  the  Skaptar-Jokul,  in  Iceland,  described  by  Macken- 
Rie  and  Soemund  Magnussen,  which  lasted  from  the  1  Ith 
of  June  to  the   3d  of  August,  and  covered  very  many 
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square  miles  of  country  with  lava,  which,  where  it  met:  with 
obitactes  to  its  coarse,  accamalated  to  a  thicknesa  of  several 
hundred  feet.  The  soiall  quantity  of  oitrogea  emittei  op*  - 
po;es  similar  diiEculties  to  the  hypothesis  of  the  entrance  of 
atoia^pheiic  air  into  the  crater,  or,  as  H  has  been  metapho- 
rically expressed,  to  the  breathini^  or  inhaling  of  air  by  the 
earth.  An  activity  ao  general  a*  that  of  volcanoes,  so 
ileeply  seated,  and  extending  itself  so  widely  in  the  interior, 
cannot  well  have  its  source  in  chemical  affinities,  and  in  the 
contact  of  certain  anbstances  found  only  in  particular  loca- 
lities. Modern  geology  prefers  to  seek  its  oanse  in  the 
intern^  terrestrial  hea^  manifested  in  every  latitude  by  the 
increase  of  temperature  with  increasing  deptli,  and  which  has 
been  ascribed  to  the  supposed  condition  of  the  earth  as  a 
body  only  partially  cooled.  If  we  consider  volcanoes  as 
irregular  intermitting  springs,  eupptying  in  tranquil  flow  e 
fluid  mixture  of  oxidized  metals,  alkalies,  and  earths,  which, 
upheaved  by  the  powerful  expansive  force  of  vapours,  liave 
found  a  permanent  outlet,— we  are  involuntarily  reminded 
how  nearly  the  rich  imngination  of  Plato  approached  to  the 
same  view,  when  he  attributed  thermal  springs  and  all  vql- 
canio  phsenomena  to  a  single  cause  every  where  present  in 
the  interior  of  the  eaith,  the  Pyriphtegethon,  or  subterra- 
nean fire.  ('«*) 

The  geographical  distribution  of  volcanoes  is  wholly  inde- 
pendent of  climatic  relations;  they  have  been  arranged 
cliaracteristically  in  two  classes  :  "  centrri  volcanoes,"  and 
"  volcanic  chains ;"  the  former  term  being  applied  to  volca- 
noes forming  the  centers  of  numerous  orifices  of  eruption 
.  distributed  with  some  regiilarity  in  every  direction;  aud 
the  latter  to  those  which,  placed  at  moderate  distances 
apart,   form  lines   running  in  one  direction,  like  cbim- 
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neyB  or  vents    firom   8  long  extended  Bubt«rraneaii    fis- 
BOre.     The  latter  clasa  of  volcanoeSj  or  those  which  form 
lines,  is  again  enbdivided  into  those  which  rise  as    singlB 
ctHiical  islands  from  the  bottom  of  the  sea,  (in  which  case 
they  are  osnally  parallel  to,  and  at  the  foot  of  a  chaiu  of 
primitive  monntains),  or  they  are  elevated  upon  the  highest 
ridge  of  the  primitive  chain,  of  which  they  then  form   the 
Bmmnits.  ("•)      The  Pe^  of  Teneriffe,  for  example,   is  a 
**  central  volcano ;"  it  is  the  center  of  the  group  to  which 
we  refer  the  volcanic  islanda  of  Palma  and  Lancerote.     The 
grandest  example  of  a  continental  Tolcsaic  "chmn"  is  offered 
by  the  great  rampart  of  the  Andes,  eztendingfrom  the  southem 
part  <tf  Chili  to  the  nori^-west  coast  of  America,  sometiine? 
forming  a  single  range,  sometimes  divided  into  two  or  three 
parallel  branches,  which  are  occasionally  cotyiected  by  ndx- 
row  cross  or  transversal  ridges.     In  this  chain  the  prorimily 
of  active  volcanoes  is  always  announced  "by  the  appearance  of 
certain  kmds  of  rocks  (dolerite,  melaphyre,  trachyte,   an- 
desit«,  and  dioritic  porphyry),  breaking  throngli  and  dividing 
the  primitive  rocks,  the  transition  slat«s  and  sandstones,  and 
tte  more  recently  formed  strata.     The  constant  recurrence 
of  this  pheenomenon  led  me  long  since  to  the  belief  that 
these  sporadic  rocks  were  the  seat  of  volcanic  phoenomen^ 
and  determining  conditions  of  volcanic  eruptions.    It  was 
at  the  foot  of  the  majestic  Tungnrt^a,  near  Penipe  (on  the 
banks  of  the  I^o  Fuela),  that  I  first  distinctly  observed 
mica  schist  (resting  on  granite)  traversed  by  a  volcanic  rock. 
In  parts  of  the  vcdcanic  range  of  the  new  continent,  where 
the  single  volcanoes  are  nearest  to  each  other,  they  shew  a 
certwn  matual  dependence  and  connection ;  it  even  appears 
that  the  volcanic  activity  has  progressively  advanced  for 
centuries  in  certain    directions,    as    in  the    province  ot 
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Quito  from  north  to  BoutL  The  seat  of  volcanic  action  ex- 
tends nnder  tha  whole  of  that  elevated  province;  ("')  its 
several  channels  of  conunnnication  vith  the  atmosphere  being 
the  volcanic  mountains  of  Fichincha,  Gotopaxi,  and  Tanga- 
TSgua,  which,  by  their  grouping  as  well  as  by  their  lofty 
elevation  and  grand  outlines,  present  the  most  subhme  and 
pictuiesquB  aspect  which  is  anywhere  concentrated  within 
so  small  a  space  in  a  volcanic  landscape.  The  extremities 
of  volcanic  chains  are  connected  with  each  other  by  anb* 
terranean  commnnications ;  and  tbis  &ct,  which  experience 
has  made  known  to  as  ut  nnmerous  instances,  leminds  us  of 
the  old  and  just  statement  of  Seneca,  that  "  the  crater  is 
only  the  issue  of  the  deeper  seated  volcanic  forces."  (^"^ 
The  Mexican  volcanoes  of  Orizaba,  Popocatepetl,  Jorullo^ 
end  Colima,  also  appear  to  be  connected  with  each  other, 
and  are  ntuated  over  a  ttonsverse  fissure  running  from  sea 
to  sea.  As  was  first  shewn  by  myself,  (**)  these  moun- 
tains are  all  situated  between  18°  59'  and  19°  12'  of  North 
latitude;  and  in  the  exact  line  of  the  direction  of  these 
volcanoes,  and  over  the  same  transverse  fissure,  Jorullo 
was  suddenly  elevated  on  the  29tb  of  September,  1759 ; 
this  last  mountain  has  only  once  sent  forth  streams  of 
lava^  resembling  in  this  respect  Mount  Epomeo  in  the 
island  of  Ischia,  of  which  likewise  only  a  single  eruption  (in 
1802)  is  recorded. 

Bat  although  Jorullo,  situated  eighty  Dules  from  any 
active  volcano,  is  in  the  strictest  sense  a  "  new  moun- 
tain," yet  its  appearance  must  not  be  confounded  with 
that  of  the  Monte  Nuovo  near  Pozznolo  (19th  Sep.- 
tember,  1538),  which  is  rather  to  be  classed  with  the 
"  (^ters  of  devation."  It  appears,  indeed,  to  me,  to  agree 
betta  wiUi  Use  results  of  observation,  if  we  compue  tiie  sadden 
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appearance  of  tlie  Uexic&n  volcano  witii  the  volcanic  elevation 
of  the  Hill  of  Methoue,  now  Methans,  in  the  peninsula  of 
Ticezena,  a  phfenomenon  of  which  the  description  by  Strabo 
and  Pauaanias  led  one  of  the  Roman  poets  endowed  with  the 
richest  fane;  to  develop  views  strikingly  accordant  with  those 
of  modern  geology.  "  Near  Troszena  is  a  tumuluSj  st^ep  and 
treeless,  once  a  plain,  now  a  mount.  The  vapours,  peat  up  in 
dark  caverns,  in  vain  sought  an  outiet ;  thus  constrained, 
their  powerful  force  caused  the  inflated  ground  to  swell  up- 
wards, like  a  bladder  or  goat-skin  filled  with  air.  The 
ground  thus  raised  still  remains,  but  has  been  changed 
by  time  into  a  hard  rock."  ('*")  Thus  picturesquely,  and, 
aa  analogous  phEeiiomena  justify  ns  in  beheviug,  tlios  txvUy, 
does  Ovid  describe  the  great  natural  pheenom^on  which 
took  place  between  Troezena  and  Epidaums,  282  years 
before  our  era ;  45  years  therefore  before  the  volcanic  sepa- 
ration of  Then  (the  island  of  Santorin)  from  Therasia. 
In  the  same  spot  Itussegger  found  intersecting  veins  of 
trachyte. 

Of  all  "  islands  of  eruption,"  belonging  to  volcanic  chains, 
Cautorin  is  the  most  important  as  an  object  of  study :  "it 
is  a  complete  type  of  isluids  of  elevation :  for  more  tbaa 
2000  ye»s,  or  as  far  back  as  history  and  tradition  enable 
ns  to  trace,  efforts  of  nature  to  form  a  volcano  in  the  middle 
of  the  crater  of  elevation  seem  to  have  been  perpetually  going 
on."  (^')  Near  the  island  of  St.  Michael,  in  the  Azores, 
similar  insular  elevations  manifest  themselves  at  almost 
regularly  recurring  intervals  of  eighty  or  ninety  years;  {*3*) 
but  in  this  case  the  bottom  of  the  sea  is  not  always  raised 
at  precisely  the  same  points.  The  island  to  which  Captain 
Tillard  gave  the  name  of  Sabrina,  appeared  at  a  time 
(30th  January,  1811)  when  unfortunately  political  events 
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did    not  pennit  scientific  institotioiia  to  give  to  this  great 
phaenomenon  the  attention  which,  at  a  latter  epoch  (2d  July, 
1831}   was  devoted  to  Uie  ephemeral  apparition  of  the 
igneoos  island  of  Ferdinandea,  between  the  limestone  coast 
of  Sciaeca  and  the  purely  volcanic  island  of  Pantdlaria.  C") 
The  geographical  distribution  of  the  volctmoes  which 
liave  been  in  a  state  of  addnty  within  historic  times, — the 
great  number  sitoated  on  islands  or  on  coasts, — and  the  re- 
ournng  phfenotnena  of  emptions  from  the  bed  of  the  sea,— 
early  led  to  a  belief  that  volcanic  activity  is  connected  with 
the  vicinity  of  the  sea,  and  dependent  on  it  for  its  contina- 
ance.     "  Etna  and  the  jfiolian  islands  have  be«i  bucuing  for 
centnriea,"  says  Justin,  {*»♦)  (or  lather  Tragus  Pompeius, 
vhom  Justin  follows;)  "  and  how  could  they  have  Ust«d  bo 
long  if  the  neighbouihood  of  the  sea  did  not  feed  the  fire  ?" 
Even  in  recent  times  it  has  been  attempted  to  explain  the 
enpposed  necessity  of  the  vicinity  of  the  sea,  by  the  hypo- 
thesis of  sea  water  penetrating  to  the  foci  of  volcanic  acti- 
vity, or  to  very  deep-seated  strata.     After  comprehending 
in  one  view  all  that  my  om  observation  has  famished,  and 
all  that  I  can  gather  from  feJbte  diligently  collected  elsfr* 
where,  it  appears  to  me  that  the  conclusion  in  this  intricate 
investigation  mnst  dep^d  npon  the   solution  of  certun 
questions;   w^  must,  for  instance,  first  determine  whether 
the  great  mass  of  aqueous  vapour  unqnestionably  exhaled 
by  volcanoes,  even  when  in  a  state  of  repose,  be  derived 
&om  sea  water  impregnated  with  salt,  or  firom  fresh  w^er 
obtained  -from  meteoric  sources.      In  the  neit  place  we 
mnst    decide    whether    the    expansive    force  of   aqueous 
vapour  (which, 'at  a  depth  of  S8000  French  feet,  is  equiva- 
lent to  2800  atmospheres,)  would  be  sufficient,  at  the  dif- 
ferent depths  of  the  fbd  of  volctmic  action,  to  oounterba- 
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laiiee  the  hydrostatic  pressure  of  the  waters  of  the  sea,  and  ^ 
to  allow  them,  nnder  certain  conditions,  free  access  to  tha 
foci,  e^s)  We  must  learn  whether  the  presence  of  the  metalli;  ' 
chlorideSj  or  even  of  marine  salt  in  the  fissures  and  crevices  in  ' 
tbe  sides  of  craters,  and  the  frequent  admixture  of  hydro-  ' 
chloric  odd  in  the  aqueous  vapours,  necessarily  implj  such  ' 
access  cnF  th«  sea  water.     Finally,  we  must  inquire  if  the  in- 
sctivity  trf  volcanoes  (whether  temporary,  or  final  and  com-  ' 
plele,)  is  dependent  on  the  interruption  of  the  channels  by   ' 
vhich  either  the  sea  or  fresh  water  previously  penetrated;   ' 
or  if  the  absence  of  flames  and  of  hydrogen  gaa  (not  of  sut 
phuretted  hydrogen  which  belongs  rather  to  solfataras  than 
to  active  volcanoes,)  is  directly  opposed  to  the  hypothecs    ' 
which  attributes  their  activity  to  the  decomposition  of  great 
masses  of  water.     The  discuBsion  of  these  important  physi- 
cal questions  does  not  belong  to  a  work  hke  the  present: 
but  whilst  on  the  subject  of  the  geographical  distribution  of 
volcanoes,  it  is  proper  to  notice  that  alt  active  volcanoes 
ue  not  in  close  proximity  to  the  sea ;   since  on  the  new 
continent,   Jorullo,  Popocatepeti,  and  the  Volcano  de  ia 
Fragua,  are  respectiveiy  80,  ISS,  and  156  ge(^raphiCal  miles 
from  the  ocean ;  and  eveai  in  central  Asia,  a  &tct  to  which 
Abd  lUmusat  (^  first  called  the  attention  of  geoli^ist^ 
we  find  a  great  volcanic  chain,  the  Tliian-schan  (celestial 
mountains,) — to  which  belong  the  Pe-schan  from  whoioo 
lava  issues,  the  sol&tara  of  Urum-td,   and  the  still  aO- 
tive  "fire  mountain"  (Ho-tschen,)  of  Turfan, — ahnostequi- 
distant  from  the  shores  of  the  Polar  Sea  and  of  the  Indian 
Ocean   (1400   and  1528  miles.)      Fe-schan  is  also  fiilly 
1S60  miles  from  the  Caspian  Sea,  and  172  and  208  mia 
respectively  from  the  great  lakes  of  Issikoul  andBaJkasch.  {''^f) 
It  is  deserving  (^  notice  that,   of  the  four  great  paralld 
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tains  of  monntains  which  traverse  the  Asiatic  continent 
am  east  to  west,  the  Altai,  the  Thian-schan,  the  Knen* 
.n,  and  tke  Himalaja,  it  is  not  the  Himalaya  which  is 
sarest  to  the  sea, — but  the  two  interior  chains  (the  Thian- 
ilian  and  Enea-Inn),  at  distances  of  1600  and  720  miles 
om  the  sea,  which  have  eruptive  volcanoes  like  Etna  aad 
esavius,  and  issues  of  ammoniacal  gas  like  the  volcanoes 
r  Guatimala.  It  is  impossible  not  to  rect^nise  currents 
r  lava  in  the  descriptions  given  bj  Chinese  -  writ^^  of 
moke  and  flame  bursting  from  the  Fe-schan,  accom- 
onied  by  buming  masses  of  stone  flowing  as  freely  as 
'melted  fat,"  and  devastating  the  surrounding  district,  in 
be  flist  and  seventh  centuries  of  our  era.  The  facts  thus 
irought  together,  and  which  have  not  perhaps  becai  hitherto 
ioSicimtJy  considoed,  render  it  at  least  highly  probable 
hat  the  vicinity  of  the  sea,  and  access  of  sea  water  to  the 
locos  of  volcanic  activity,  are  not  essential  conditions  of 
te  breaking  forth  of  the  subterranean  fire ;  and  that,  if 
ittoral  situations  favour  such  eruptions,  it  is  only  because 
Jiry  are  on  the  margin  of  the  deep  tea  basin,  of  which  the 
ix:d,  covered  only  by  superincumbent  water,  and  situated 
[nnny  thousand  feet  lower  than  the  elevated  terra  firma  of 
the  iaterior  of  continents,  offers  less  resistance  to  the  sub- 
terranean forces. 

The  present  active  volcanoes,  of  which  the  craters  e» 
biblish  a  communication  between  the  interior  of  the 
earth  and  the  atmosphere,  have  been  opoied  at  so  late 
sa  epoch,  that  the  npper  chalk  strata,  and  all  the  teN 
tiary  formations,  were  previously  existing :  this  is  evidenced 
by  the  trachyte  and  the  basalt  wliich  often  form  Uie  sides  of 
the  craters  of  elevation.  Melaphyres  extend  to  the  middle 
teiliaiy  strata,  having  appoicntly^  been  poured  out  also  be> 
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iieatfi  the  oolite,  since  they  traverse  the  butiter  or  van'e^ 
sandatone.  (^^)  We  must  not  coufoiind  the  pre  sent  aca 
craters  with  earlier  outpourings  of  granite,  of  quattzose  p» 
phyry,  and  of  euphotide,  from  open  temporary  Assures  in  til 
old  transition  rocks. 

The  ceasation  of  volcanic  activity  may  be  only  j>arlit 
the  subterranean  fire  finding  for  itself  another  outlet  in  ft 
same  chain  of  mountains ;  or  it  may  be  total,  as  in  Ai 
re^ne.  More  recent  examples  of  the  latter  class  are  knot 
to  have  occurred  within  historic  periods ;  the  volcano  i 
Mo3ychlo3,(3^9)  on  the  island  consecrated  to  Vulcan,  i 
which  the  "  high  whirling  flamea"  were  still  known  to  So 
phocles ;  and  the  volcano  of  Medina,  which,  according  i 
Burckhardt,  sent  forth  a  stream  of  lava  as  late  aa  the  Zi  i 
November,  1S76.  Each  stage  of  volcanic  activity,  from  it 
first  excitement  to  its  extinction,  is  characterised  by  a  parti 
.  cular  class  of  products :  first,  by  ignited  scorise,  by  cnneit 
of  lava  consisting  of  trachyte,  pyroxene,  and  obsidian,  an 
by  rapilli  and  tu&iceoua  ashes,  accompanied  by  an  ebni 
dant  disengagement  of  Iteam,  usually  quite  pure ;  at  a  latt 
period  the  volcano  becomes  a  solfsilara,  where  aqueffl 
vapours  are  emitted  mixed  with  sulphuretted  hydrogenan 
carbonic  acid  gasea :  and  lastly,  the  crater  becomes  entirel 
cooled,  and  carbonic  acid  eshalationa  only  proceed  from  i 
There  is  an  extraordinary  class  of  volcanoes  (such  as  ti 
Galuiigung,  in  the  island  of  Java),  which  do  not  emit  lam 
but  only  devastating  streams  of  boiling  water,  accompaipt 
by  sulphur  in  combustion,  and  rocks  reduced  to  the  sbitfi  i 
dust ;  C^")  but  whether  these  present  a  normal  conditiou, " 
are  only  a  certain  transitory  modification  of  volcanic  processe 
must  rem^n  undecided  untU  they  are  visited  by  geologist 
skilled  in  the  doctrines  of  modem  ehemistrj. 
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-  rrhis  general  description  of  volcanoes, --one  of  the  most 
tnportant  manifestations  of  the  internal  activity  of  onr 
Janet, — ^has  heen  baaed  in  part  on  my  own  observations,  but 
itill  more,  and  in  its  more  comprehensive  oatlinea,  on  the 
abouis  of  my  friend,  Leopold  von  Bnch,  the  greatest  geolo- 
gist of  our  age,  who  was  the  first  to  recognise  the  intimate 
sounection  of  the  several  volcanic  phaenomena,  and  their  ma- 
iual  dependence.  Volcanic  action,  or  the  reaction  of  the  in- 
iierior  of  a  planet  on  its  external  crust  and  surface,  was  long 
regarded  as  an  isold«d  anA  purely  local  phnnomenon,  and 
was  considered  solely  in  respect  to  its  destructive  agency; 
it  is  only  in  modern  times  that,  greatiy  to  the  advantage  of 
geological  science  founded  on  physical  analogies,  volcanic 
foroes  have  been  contemplat«d  as  formaiive  of  nex 
rocks,  and  transformative  of  those  which  viere  pre- 
existing. We  here  arrive  at  the  point  I  previously  indi- 
cated, at  whictf  a  well-grounded  study  of  volcanic  ac- 
tivity in  ite  various  manifestations,  branches  into,  and  con- 
nects itself  with  the  mineralogical  portion  of  geoloj.y 
(the  science  of  the  structure  aod  succession  of  terrestriid 
strata),  and  with  the  configuration  of  continents  and  islands 
which  have  been  elevated  above  the  level  of  the  sea.  Ilie 
enlarged  view  presented  by  tliis  connection  of  phtenomena  is 
s  result  of  the  philosophical  direction,  which  the  moie 
earnest  and  serious  study  of  geology  has  now  so  generally 
assumed.  The  prosecution  nnd  improvement  of  the  fciencea 
has  the  same  tendency  as  political  and  social  improvenieni!', 
to  bring  together  and  unite  that  which  had  long  been 
divided. 
If  instead  of  arranging  rocks,  according  to  their  dilferencei 
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of  form  and  superposition,  into  stratified  and  unsfcnilJSed, 
schistose  and  compact,  nonnal  and  abnormal,  we  trace  oil 
and  study  tKe  phienomena  of  foimittion  and  trausformatioii 
which  are  still  going  on  before  our  eyes,  they  may  be  dislzi> 
buted  into  the  four  following  classes,  according  to  theb 
mode  of  origin : — 

1.  Erupted  rocks,  which  have  issued  from  the  iacerio 
of  the  earth,  either  by  volcanic  action  in  a  state  of  fasoTi, 
or  by  plutonic  action  in  a  more  or  less  softened  state. 

2.  Sedimentary  rocks,  precipitated  or  deposited  from 
liquids  in  which  their  particles  were  held  ia  solution 
or  suspended ;  these  form  the  greater  part  of  the  secondaiy 
and  tertiaiy  groups. 

S.  Transformed  or  metamorphic  rocks,  in  wHcn  the 
texture  and  mode  of  stratification  have  been  altered,  either 
by  the  contact  or  proximity  of  an  erupted  plutonic  or  vol- 
canic rock  {endogenous  rocks),^^  or,a3  is  more  frequently  &e 
case,  by  the  action  of  vapours  and  sublimations,  (***)  which 
accompany  the  issue  of  certain  masses  in  a  state  of  igneona 
liquefaction. 

4.  Conglomerates,  coarse  or  fine-grained  sandstones  or 
breccias,  consisting  of  mechanically  divided  fragments  of 
the  three  preceding  classes. 

The  production  of  these  four  kinds  of  rocks,  as  sdH 
going  on  be&ire  our  eyes— by  the  pouring  forth  of  vol- 
canic masses  in  streams  of  lava,— -by  the  influence  of  these 
masses  on  rocks  previously  hardened,— by  mechanical  se- 
paration or  chemical  precipitation  from  liquids  charged 
with  carbonic  acid, — and  by  the  cementation  of  the  detritm 
of  rocks  of  every  kind  j — may  be  regarded  as  presenting 
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onlj  a  ^nUf  reflected  image  of  that  which  took  place  in 
the  early  chaotic  period  of  more  energetic  activity,  tinds 
very  difiJer^t  conditions  of  pressoie,  and  a  for  higher  tcm- 
petahue  of  the  more  extended  uid  vapour-loaded  elmo- 
sphere,  as  well  as  of  the  crust  of  the  earth.  Tlie  vast  fisaures 
nrhich  were  then  open  in  the  solid  pcfftJons  of  the  cmst  have 
l>een  since  closed  hy  the  elevation  of  mountain  chains  pro- 
truded tlirongli  them,OT  filled  up  byveins  of  granite,  porphyry^ 
basalt,  and  melaphyre.  At  the  present  period  of  the  globe 
there  remain  only,  on  an  extent  of  the  siae  of  Europe,  four 
-volcanoes,  or  openings  through  which  ignited  masses  may 
issue ;  whereas  formerly,  channels  of  communication  between 
the  molten  interior  and  the  atmosphere  existed  at  almost 
every  part  of  the  thinner  and  much  fissured  crust  of  the  globes 
Gaseous  exhalations,  riring  from  very  unequal  depths,  and 
bringing  with  them  different  chemical  substances,  gave 
great  activity  to  the  processes  of  plutouic  formation  and  of 
metamorphic  action.  In  like  mmmer,  in  the  case  of  sedi- 
mentaiy  formations,  the  beds  of  travertin  which  are  now  in 
daily  course  of  deposition  from  cold  and  warm  springs  and 
river  water,  near  Rome,  and  near  Hobarton  in  Tan  Diemen 
Island,  afford  but  a  feeble  representatitm  of  the  formation 
of  the  earlier  mineral  strata.  On  the  coasts  of  Sicily  and  of 
the  Island  of  Ascension,  and  in  King  George's  Sound  in 
Australia,  small  banks  of  limestone,  of  \ihich  some  paris  are 
scarcdy  inferior  in  hardness  to  Carrara  marble,  (*'3)  are  in 
course  of  gradual  formation  by  our  present  seas,  under  the 
influence  of  processes  which  have  not  yet  been  sufBciently 
investigated,  by  means  of  precipitation,  accumulation  by 
drift,  and  cementation.  On  the  coasts  of  the  West  India 
Islands,  these  formations  of  the  present  ocean  contain  pot- 
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tery,  instruments  of  human  art  and  industry;  and,  at  Gua- 
daloupe,  even  human  skeletons  of  the  Carib  mce.  the 
negroes  of  the  French  colonies  call  these  banks  "Maconne- 
bon-Dien."  {'**)  In  Lancerote,  one  of  the  Canary  Islands, 
a  small  bank  of  oolite,  which,  notwithstanding  its  recent 
formation,  resembles  the  Jura  limestone,  has  been  rect^- 
nised  as  a  product  of  the  sea  and  of  tempests.  (***) 

The  composite  rocks  are  determinate  associations  of  certain 
simple  minerals,  such  as  feldspar,  mica,  ailex,  augite,  and 
nepheline.  Rocks  very  similar  to  those  of  the  earlier  periods, 
and  composed  of  the  same  elements,  but  differently  grouped, 
are  now  produced  under  our  eyes  by  volcanic  processes. 
We  have  already  remarked,  ("*)  that  the  mineralogical  cha- 
racters of  rocks  are  wholly  independent  of  their  geographical 
distribution ;  and  the  geologist  recognises  witb  surprise,  in 
opposite  hemispheres,  and  in  very  dissimilar  climatca,  the 
familiar  aspect,  and  the  repetition,  even  in  the  most  minute 
details,  of  the  successive  members  of  the  silnrian  series,  and 
the  precisely  similar  effects  of  contact  with  erupted  aiigitio 
masses. 

We  will  now  take  a  nearer  view  of  the  four  fundamental 
classes  of  rocks,  which  correspond  to  the  four  phases  or 
modes  of  formation  presented  by  the  stratified  and  unstrati- 
fied  portions  of  the  earth's  crust :  and,  first,  in  the  endoge- 
nous or  erupted  rocks,  designated  by  some  modem  geolo- 
gists by  the  terms  massive- and  abnonaal  rocks,  we  distin- 
guish as  immediate  products  of  the  active  subterraneau 
forces,  the  following  principal  groups ; — 

1.  Granite  oaA  syenite,  of  very  different  ages.     The 
granite   is  often  the  more  recent  rock,  traversing  the 
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eyenite.  (**')  Where  granite  is  found  in  la^  insulated 
masses,  having  a  slightly  vaulted  ellipsoidal  form,  whether 
it  be  in  the  Hartz  diatrict,  in  Mysore,  or  in  Lowei 
Fern,  it  is  Burmounted  by  a  kind  of  crnst  divided 
into  blocks.  These  "aeaa  of  rocks/'  as  they  are 
sometimes  called,  aie  probably  occa^doned  by  a  con- 
ttactioQ  of  the  distended  snriace  of  the  granite  when 
first  upheaved.  {***)  In  Northern  Asia,  on  the  ro- 
mantic shores  of  Lake  Kolivan  on  the  north-western 
slope  of  the  Altai,  («»)  as  well  as  at  las  Trin- 
cheras  {**")  on  the  declivity  of  Ae  maritime  chain  of 
Caraccas,  I  have  seen  divisions  in  the  granite,  which  were 
probably  caused  by  similar  contractions,  but  which  ap- 
peared to  penetrate  deep  below  the  soriace.  Earther  to 
the  south  of  Lake  Kolivan,  towards  the  bonndaiy  of  the 
Chinese  province  of  Bi  (between  Bncktarminsk  and  th« 
rivei  Narym),  the  appearance  of  the  erupted  rocks,  in 
which  tiiere  is  no  trace  of  gneiss,  is  more  remarkable 
than  I  bad  ever  before  seen  in  any  part  of  the  globe. 
The  granite,  which  always  scales  at  the  surface,  and  ia 
characterised  by  t«bnlai  divisions,  rises,  on  the  steppe,  in 
small  hemispherical  hillocks  of  six  or  eight  feet  in  height^ 
and  sometimes,  like  basalt,  in  small  mounds  with  narrow 
streams  on  opposite  sides  of  their  base.  (^*)  At  the  cata* 
racts  of  the  Orinoco,  as  in  the  Fichtelgebi^  in  Bavaria, 
— and  in  Gallicia,  as  on  the  Pappagallo  between  the  hig^ 
lands  of  Mexico  and  the  Pacific, — I  have  seen  large  flat- 
tened globes  of  granite,  which  could  be  separated  into 
concentric  layers  like  certain  basalts.  Li  the  valley  of 
the  Irtysch,  between  Buchtarmiusk  and  Ustkameaugorsl^ 
VOL.  I.  8 
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granite  covers  transition  slate  for  >  npace  of  four  mUesj 
and  peaetrates  it  from  above  downwards  in  narrow 
branching  veins,  having  wedge-shaped  tettninatioiis.  (*") 
These  details  have  been  introduced  for  the  purpose  of 
mdicating  by  examples  the  character  of  erupted  rocks,  aa 
shewn  in  8  rock  most  generally  distjibuted  throughout 
all  parts  of  the  earth.  As  granite  covers  argillaceous 
Hcbiats  in  Siberia,  and  in  the  Departement  de  Finisterre 
(He  de  Mihan),  ao  does  it  cover  oolitic  limestone  in 
the  mountains  of  Oisons  (Fermonts),  and  syenite  ancl 
chalk  in  Saxony  near  Weinbohla,  ("*)  At  Mursinsk, 
in  the  Oural,  the  granite  is  porous,  and  aa  iu  the  later 
volcanic  rocks,  the  cavities  are  &lled  with  magnificent 
oryslals,  particularly  beryls  and  topazes. 

2.  Quartzose  porphyry,  frequently  imbedded  as  veins 
in  other  rocks,  Tlie  matrix  is  usually  a  fine-grained  mix- 
ture of  the  same  elements  as  those  which  form  the  larger 
disseminated  crystals.  In  granitic  porphyry,  which  is 
very  poor  in  quartz,  the  feldspathic  base  is  ahnost 
granular,  and  laminated.  (^) 

3.  Greenstone,  Diorite,  granular  mixtures  of  white 
albite  and  dark-green  hornblende,  ionoiag  dioritic  j>or>- 
j>hyry  when  the  crystals  of  albite  are  disseminated  in  a 
compact  paste.  The  greenstones,  either  pure,  or,  aa  in  the 
Kchtelgebirge,  containing  Uminse  of  diallage,  and  passing 
into  serpentine,  have  sometimes  penetrated,  in  the  form  of 
beds,  between  ancient  strata  of  green  argillaceous  schist  j 
but  they  more  often  traverse  the  rock  in  the  form  of 
veins,  or  appear  as  domes  of  greenstone,  analogous  to 
domes  of  basalt  and  of  porphyry.  (^^^) 

[■.a.wi  3,  Cookie 
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Huperstkene  rock  ia  a  granular  mixture  of  labrador 
feldspar,  and  hyperathene. 

Euphotide  and  serpentine,  coitaining  sometimes  in* 
atead  of  diall^  ciystala  of  augite  and  utalit^  and  thus 
becoming  nearly  allied  to  a  more  abondant,  and,  I  might 
almost  say,  a  more  active  emptive  rock,  viz.  aagitic 
porphyry.  (^") 

Malaphyre,  and  the  porphyries  containing  cryitals  of 
angtte,  oralite,  and  oligokU^ ;  to  which  latter  species  ths 
eelehrated  verd-antifjue  belongs. 

Basalt,  with  olivine  and  other  constituents  which 
gelatinise  with  acids,  phonohte,  porphyry-slate,  trachyte, 
and  dolerite :  the  iirst  of  these  rocks  is  partially,  and  tli« 
second  always,  divided  into  tabular  lamisEe,  which  gives 
to  them  an  appearance  of  stratification,  even  when  cover- 
ing a  large  extent.  Mesotype  and  nepheline  form,  accord- 
ing to  Girard,  an  important  part  in  the  composition  and 
internal  texture  of  basalts.  I^epheline  forming  a  con- 
stituent of  basalt  reminds  the  geologist  of  the  miascite 
of  the  Emen  mountains  in  the  Ural  p*'),  a  mineral 
which  has  been  confounded  with  granite,  and  which 
sometimes  contains  zircon;  it  also  reminds  him  of  the 
pyroxenic  nepheline  discovtted  by  Gumprecht  near  Lobaa 
and  Chemnitz. 

To  the  second  or  sedimentary  class  of  rocks  belongs  ths 
(;Teater  part  of  the  formations  comprehended  under  the  old 
systematic  but  incorrect  denomination  of  floetz  rocks,  or  of 
transition,  secondary,  and  tertiary  formations.  If  earth- 
quakes and  ernpted  rocks  had  not  exerted  an  nnheaving  and 
disturbing   influence  on  Uie  sedimentary  formations,  the 


m     OEOLOGIOAIi  OZSOBIFnOK  OF  THK  EAKTh's  CRUST. 

(iar&c«  of  our  planet  would  have  consbted  of  horizoutsl 
strata,  regularly  Boperimpoaed  one  over  tke  other.  Deprived 
(^  our  moimtain  ctiaiiu, — ^the  declivities  of  whidi  may  bs 
said  to  reflect,  in  the  picturesque  gradation  of  the  diSerent 
vegetable  forms  with  which  they  are  clothed,  the  scale  of 
diminishing  atmospheric  temperature  from  their  base  to  their 
summits, — the  only  features  of  variety  in  the  disposition  of 
the  ground  would  have  been  the  occasional  presraice  of 
ravines  hollowed  out  by  theTeeble  erosive  force  of  currents 
of  fresh  water,  and  alight  eminences  of  transported  detritus 
due  to  the  same  cause.  Prom  pole  to  pole,  under  every 
r^on,  continents  would  have  presented  to  the  eye  the 
dreaiy  uniformity  of  the  llanos  of  South  America,  or  the 
steppes  of  Northern  Asia ;  the  vault  of  heaven  would  have 
everywhere  appeared  to  rest  on  tiie  unbroken  plain,  and  the 
stars  to  rise  and  set  as  on  the  horizon  of  the  ocean.  Such 
a  state  of  things,  however,  cannot  have  had  a  long  duration 
even  in  tiie  primitive  world,  for  at  all  periods  subterranean 
forces  have  exerted  their  modi^Tng  influeuee. 
•  Sedunentary  strata  have  been  dther  precipitated  or  depo- 
sited firom  liquids,  according  as  the  materials  which  cod- 
Btitute  them  were  chemically  dissolved  or  mechanically 
suspended.  But  when  earths  that  have  been  dissolved  in 
fluids  containing  carbonic  acid  are  separated,  their  desc^it 
during  precipitation  and  accumulation  in  strata  require  to  be 
regarded  as  a  true  mechanical  process;  a  consideration  of  some 
importance  in  respect  to  the  envelopment  of  orgaiic  bodies  in 
fossiliferous  Umestone.  The  oldest  sedimentary  strata  of  He 
transition  and  secondary  series  were  probably  formed  from 
water  of  high  temperature,  at  a  time  when,  the  heat  of  the 
upper  surface  of  the  globe  was  still  very  considerable.     la 
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'tiiis  point  of  view  a  platonio  indaence  may  be  aaid  to  htna 
Acted  in  a  certain  seoae  even  on  the  sedimentary  strata, 
especially  on  the  older  ones ;  bnt  these  strata  appear  to  have 
hardened  and  to  have  aeqaired  theii  schistose  atractnro 
tmder  great  pressnre,  whereas  the  rocks  which  issued  from 
the  interior  (granite,  porphyry,  and  basalt)  solidified  by 
cooling.  As  the  heat  of  the  waters  gradoally  diminished, 
they  conld  absorb  a  larger  portion  of  the  carbonic  acid  gas 
existiug  in  the  atmosphere,  and  were  thas  fitted  for  holding 
a  larger  quantity  of  lime  in  solution. 

The  sedimentary  rocks,  excloding  all  other  ezt^^oos 
purely  mec.ianical  deposits   of  sand  or  detritoa.   are  as 

follow; — 

Argillaceout  achist  of  the  lower  and  apper  braiisitioa 
series,  comprehending  tJie  silurian  and  devonian  fisrma- 
tions,  from  the  lower  siluiiaa  strata,  once  termed  cambrian, 
to  the  upper  stxata  of  the  old  red  sandstone  or  devonian 
period,  immediately  below  the  moontaiu  limestone. 

Carboniferous  depogita. 

Limenlones  included  in  the  transition  and  car* 
boniferoos  formations,  the  zechstein,  the  moschelkalkj 
the  Jnra  oolitic  limestone,  the  chalk,  and  various  beds 
of  the  tertiary  period  which  cannot  be  classed  amongst 
the  sandstones  or  conglomerates. 

Travertin,  including  freah-water  lime-stone,  and  sili> 
ceoas  concretiona  from  hot  springs,  formations  which 
have  not  been  produced  under  the  pressure  of  a  great 
body  of  sea  water,  but  almost  at  the  surface,  in  shallow 
marshes  and  streams. 

Infutorial  masses,  a  geological  pluenomenon  of  great 
importance,  as  it  has  revealed  to  ua  the  influence  which 
organic  life  has  exercised  on  the  formation  of  a  part  of 
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the  solid  crust  of  the  earth ;  the  easteuce  of  such  nmssea 
is  a  very  recent  discovery,  for  which  Bcience  is  indebted 
to  my  distinguished  friend  and  travelling  companion 
Ehrenberg. 

If  in  this  short  bnt  general  review  of  the  mineral(^;ical 
constituents  of  the  crost  of  the  eqrth,  I  do  not  place  immo- 
diatdy  after  the  simple  sedimentary  rocks,  those  coDgIom»> 
rates  and  sandstones,  which  are  also  partially  sedimentuy 
deposits,  and  which  alternate  with  at^iUaceous  schists  and 
chalk  in  the  secondary  and  older  formations, — it  is  only 
because  these  conglomerates  aai  sandstones  are  not  composed 
solely  of  the  debris  of  eruptive  and  sedimentary  rocks,  bnt 
contain  also  the  detritus  of  gneiss,  mica  slat«,  and  other 
melamorphicmassta.  The  obscure  process  of  metamorphism, 
aiii  the  influence  it  exerts,  ehonld  ther^ore  form  the  third 
desa  of  fundamental  rocks. 

I  have  already  had  occasion  to  remark  that  the  endc^enous 
or  erupted  rocks  (granite,  porphyry,  and  melaphyre),  not 
only  act  dynunically,  shaking,  elevating,  inchning,  and  late- 
rally displacing  the  enperincumbent  strtria,  but  that  they  also 
modify  the  chemical  combinations  of  their  elemente,  and  the 
nature  of  Uieir  internal  stmcture ;  thns  forming  new  kinds 
of  rocks,  of  which  the  gneiss,  mica  sl^,  and  granular  or 
saccharoidal  limestone  (Carrara  and  Parian  marble),  may  be 
cited  as  examples.  The  schiste  at  the  silurian  or  devonian 
periods,  the  belemnitic  limestone  of  the  Tarantaase,  the  dull 
grey  calcareous  sandstone,  containing  fucoids  of  the  northern 
Apennines  (maciffno),  often  assume  in  their  altered  stat*  a 
new  and  brilliant  appearance,  which  renders  their  recognition 
difficult.  The  nietamorphic  theory  haa  been  established  by 
fbllowing  step  by  step  the  successive  phases  of  tnin8forma< 
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tion,  and  b;  bringing  to  the  aid  of  iDductive  coaclnaions, 
direct  chemical  eiperiments  on  the  effects  of  diffn^nt 
degteea  of  fusion  and  pressore,  and  different  rates  of 
cooling.  When  the  stady  of  chemical  combinations  is  por- 
eaed  under  the  guidance  of  leading  ideas,  {^^)  a  bright  light 
may  be  thrown  on  the  wide  Geld  of  geology,  and  on  tha 
operations  of  the  great  laboratory  of  nature,  in  which  sub- 
terranean forces  have  formed  and  modified  the  terrestri^ 
strata.  But  to  avoid  being  misled  by  apparent  analogies  to 
entertain  too  narrow  a  view  of  the  processes  of  nature,  the 
pbilosophical  inquirer  must  ever  keep  in  view  the  compli- 
cated conditions,  and  the  unknown  int«nsity,  of  the  forces 
which,  in  the  primitive  wodd,  modified  the  reciprocal  action 
of  the  several  substances.  It  cannot,  however,  be  donbted 
that  the  elementary  snbstances  always  ob^ed  the  same  laws 
of  affinity ;  and  I  am  fully  persuaded,  that  where  apparent 
contradictions  are  met  with,  the  chemist  will  generally  snc- 
oeed  iu  explaining  them,  by  ascending  in  thought  to  the 
primary  conditions  of  nature,  which  cannot  he  identically 
reproduced  in  his  experiments  researches. 

Observations  loade  with  great  care,  and  over  considerable 
tracts  of  country,  shew  that  erupted  rocks  have  acted  in  • 
regular  and  systematic  manner.  In  parts  of  the  globe  most 
distant  from  each  other,  (*•)  granite,  basalt,  and  diorite,  are 
Been  to  have  exerted,  even  in  the  minutest  details,  a  perfectly 
similar  metamorphic  action  on  the  argillaceous  schists,  the 
compact  limestone,  and  the  grains  of  quarta  in  sandstone. 
But  whilst  the  same  kind  of  erupted  rock  exercisea  almost 
every  where  the  same  kind  of  action,  the  difTerent  rocka 
belonging  to  this  class,  pesent,  in  this  respect,  very 
.different  characters.     The  effects  of  intense  heat  are  indeed 
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apparemt  in  all  the  phienomena;  but  the  degree  of  fiaiditj 
haa  vmied  greatly  in  all  of  tiiem  from  the  granite  to  tbe 
basalt ;  and  at  different  geological  epochs,  emptioDs  of 
granite,  baaalt,  greenstone,  porphyry,  and  serpentine,  bare 
been  accompanied  by  the  issue  of  different  snbstances  in  & 
state  of  vaponr.  According  to  the  views  of  modem  geology, 
the  metamoiphism  of  rocks  is  not  confined  to  the  effects  of 
simple  contact,  or  of  the  juxta-poKtion  of  two  kinds  of  rock ; 
but  it  comprehends  all  the  pheenomena  that  have  accom- 
panied  the  issuing  forth  of  a  particular  erupted  mass ;  and 
even  where  there  has  been  no  immediate  contact,  the  mere 
proximity  of  such  a  mass  has  frequently  sufficed  to  produce 
modificatjons  in  the  cohesion  of  the  particles  and  t«)Lture  of 
the  rock,  in  the  proportions  of  the  ailicious  ingredients,  and 
in  the  forms  of  crystallization  of  the  pre-existing  rocks. 

All  eruptive  rocks  penetrate  aa  veins  into  sedimentary 
strata,  or  into  oth^  previously  existing  endogenons  masses; 
but  there  is  an  essential  difference  in  this  respect  between 
plutonic  rocks, — grwiileB,  porphyries,  and  serpentines, — 
and  thoae  called  volcanic  m  the  most  restricted  sense, — tra- 
chytes, basalts,  and  lavas.  The  rocks  produced  by  the 
still  existing  volcanic  activity  present  themselves  in  narrow 
streams,  and  do  not  fonn  beds  of  any  considerable  hTeadt\ 
except  where  several  meet  together  and  unite  in  the  same 
basin.  Where  it  has  been  possible  to  trace  basaltic  erup- 
tions to  great  depths,  they  have  always  been  found  to  termi- 
nate in  slender  threads,  of  which  examples  may  be  seen  in 
three  places  in  Germany, — near  Maritsuh],  eight  miles 
from  Eisenach, — near  Eschwege,  on  the  hanks  of  the  Werr^ 
— and  at  the  Druidical  stone  on  the  Hollert  road  (Si^en). 
In  these  casM,  tiie  basalt,  injected  through  narrow  orifices, 
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ikas  trayereed  thebnuter  Bamlstont!  aad  greywacke  slate,  and 
hna  spread  itself  out,  in  the  form  of  a  cup ;  sometimes  form- 
ing gtoupj  of  columns,  and  Bometimes  dirided  into  thio 
laminee.  Ttiis,  liowever,  is  aot  the  case  with  granite,  syenite, 
porphyritic  quartz,  serpentine,  and  the  whole  series  of 
unstratified  rocks,  to  which,  by  a,  predilection  for  mytho- 
logical pomenclatore,  the  term .  pluttHiio  has  been  ^plied. 
"With  the  excepti(»i  (rf  occasion^  v^ns,  all  these  rocks  have 
beea  forced  np  in  a  semi-fluid  or  pasty  condition  through 
large  Assures  and  wide  gorges,  instead  of  gushii^  in  i 
liquid  stream  from  small  orifices ;  and  they  are  never  found 
in  narrow  streams  like  lava,  hut  in  extensive  masses.  (^^) 
Some  groups  of  doloritos  and  trachytes  shew  ti-aces  of  a 
degree  of  fluidity  resembling  that  of  basalt;  others,  fann- 
ing vast  craterless  domes,  appear  to  have  been  elevated 
in  a  simply  softened  state ,  others  again,  like  the  trachytes 
of  the  Andes,  in  which  I  have  often  remarked  a  striking 
analogy  to  the  greenstone  and  syenitic  porphyries  (argentife- 
rous and  then  without  quartz),  are  fouud  in  beds  lika 
granite  and  quartzose  porphyry. 

Direct  experimeuts  (^')  on  the  alterations  which  the 
texture  and  chemical  constitution  of  rocks  undei^  from 
the  action  of  heat  have  shewn,  that  volcanic  masses  (dioritc^ 
augitic  porphyry,  basalt,  aud  the  lava  of  Etna)  gire  different 
products  according  to  the  pressures  under  which  they  arc 
mdted  and  the  rate  at  which  they  are  cooled;  if 
the  cooling  has  been  rapid,  they  form  a  black  glass,  homo- 
geneous in  the  fracture ;  if  slow,  a  stony  mass,  of  granular 
or  crystalline  structure ;  and  in .  this  latter  case  crystals 
are  formed  in  cavities,  and  even  in  tiie  body  of  the 
mass  in  which  they  are  imbedded.     The  same  materials  also 
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]neld  products  very  dissimilar  in  appearance,  a  fact  of  lire 
highest  importance  in  the  stady  of  emptive  rocks,  snd  Ok 
trausformatiom  which  the^  occasion ;  as,  for  example,  cai- 
bouate  of  lime,  melted  onder  high  pressure,  does  not  part 
irith  its  carbonic  acid,  bat  becomes  when  cooled  graniiltt 
bmestone  or  saccharoidal  marble  when  the  operation  b 
performed  by  the  dry  method,  while  in  the  humid  pro- 
cess calcareons  spar  is  produced  with  a  less,  and  arrago- 
nite  with  a  greater,  degree  of  heat.  (^*^)  The  mode  of 
a^regalion  of  the  particles  which  unite  ia  the  act  of  0179- 
tatlization,  and  consequently  the  form  of  the  crystal  itself,  aic 
also  modified  by  differences  of  temperature ;  (^)  and  emai 
where  the  body  has  not  been  in  a  state  of  finidity,  the  paiti- 
des,  under  particular  circumstances,  may  undergo  a  new  ar- 
ranganent,  manifested  by  different  optical  propertiea.  (^) 
The  phtenomena  presented  by  devitrification, — by  Uie  produtv 
tion  of  steel  by  castmg  or  cementation, — by  the  pasMige  from 
the  fibrous  to  the  granular  texture  of  iron,  occasioned  by  in- 
creased temperature,  {**)  and  possibly  by  the  influence  of 
the  long-continued  repetition  of  slight  coacassions,'~inay 
^ddate  the  geological  study  c^  metamorphism.  Heat  sMue- 
times  eUcdts  opposite  ^ects  in  crystalline  bodies ;  for  Uit- 
acherlich's  beautiful  expehmente  have  established  the  feet, 
that  without  altering  ite  condition  of  aggregation,  caleareoua 
spar,  under  certain  conditions  of  temperature,  elands  in 
one  of  its  axial  directions  while  it  contracts  in  the  other,  {^) 
Passing  from  these  general  consid^^ona  to  particular 
examples,  we  may  mention  the  case  of  schist  converted  by 
the  vidnity  of  platoaic  rocks  inte  roofing  slate  of  a  de^ 
blue  colour  and  ^ist«ning  appearance;  (he  planes  of 
«trati£oation  are  intrasected  bf  other  divisional  pbtiies,  often 
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ilmost  at  right  angles  with  those  of  stratification,  indicating 
m.  action  posterior  to  the  alteration  of  the  schist.  (^7)     Ths 
silicic  acid  which  has  penetrated  into  Uie  mass  causes  it 
to  be  traversed  by  veins  of  quartz,  and  transforms  it  in  part 
ixito  whetstone  and  uJiceous  schist;  the  latter  sometimet 
containing    carbon,   s^   then  perh^    cq)able   of   pn> 
dacing  galvanic  phenomena.      The  most  highly  silicified 
rocks   of  this  kind  are  known  as  ribbon  jaspw,  (^^  t 
material  valuable  in  the  arts,  produced  in  the  Ooial  moiui> 
tcaos  by  the  eruption  and  contact  of  angitic  porphyry  (as  at 
Orak],  of  dioritic  porphyiy  (as   at  An^hkul),   or  of  a 
rounded  mass  of  hyperathene  rock   (as  at  Bogoalowsk). 
Xn  the  island  of  Elba  (at  Monte  S^rato),  according  to  Fried- 
rich  Hoffinan,  and  in  Tuscany,  according  to  Alexandra 
Brongniart,  the  ribbon  jasper  is  formed  by  contact  with 
euphotide  and  serpentme. 

Sometimes  (as  observed  by  Qnstav  Bose  and  myself  io 
tiie  Altai,  within  the  fortress  of  £ncht«nninsk),  (^"j  the 
contact  and  plutonic  action  of  granite  have  rendered  argil* 
laceous  schists  giantdar,  and  transformed  the  rock  into  a  mass 
resembling  granite  itself,  consisting  of  a  mixture  of  feldspar 
and  mt^  in  which  lai^er  luninse  of  mica  are  fonnd  im> 
bedded,  (^^o)  We  are  toldby  Leopold  von  Bnch,  "  that  ^ 
the  gneiss  between  the  Icy  Sea  and  the  Gulf  of  Finland  has 
been  produced  by  the  metam(»phic  action  of  granite  upon 
the  Silurian  sfxata.  In  the  Alps  near  the  St.  (jothard, 
calcareous  marl  has  been  aimiluly  changed  by  the  influence 
of  granite,  first  into  mica  slate,  and  subsequently  into 
gndsa."  (^")  Similar  pluenomena  of  gneiss  and  mica  slate 
fDTmed  under  ibe  influence  of  granite  present  themselvn 
in  &e  oohtic  group  of  the  TarantaJse,  [^^^)   in  which 
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belemiiites  are  found  in  rocka  which  have  already  in  great 
m^sure  assmned  the  character  of  micft  slate, — in  the 
schistose  group  of  the  western  part  of  the  island  of  Elba, 
not  far  from  Cape  Calamita, — and  in  the  Fichtelgebirge 
near  Baireuth,  between  Lomitz  end  Markieiten.  (^^3) 

I  have  already  alluded  to  the  jasper  employed  in  the  arts, 
which  the  ancients  cotJd  not  obtain  in  large  masses,  ("*) 
snd  have  described  it  as  produced  by  the  volcanic  action 
of  augitic  poi^hyiy;  there  is  also  another  material  of 
which  ancient  art  made  the  noblest  and  most  extensive 
use,  (.  e.  granular  or  saccharoidal  marble,  which  is  to  be 
regarded  as  a  sedimentary  rock  altered  by  terrestrial  heat 
and  the  vicinity  of  erupted  rocks.  This  assertion  ia 
justified  by  a  careful  observation  of  the  phsenomena  which 
result  feom  the  contact  of  igneona  rocks,  and  by  the 
lemarkable  experiments  made  by  Sir  James  Hall  on  tlie 
fusion  of  mineral  substances.  Tliese  experiraents,  made 
more  than  half  a  century  ago,  together  with  the  atten- 
tive study  of  the  phsenomena  o!  granitic  veins,  have 
contributed  in  a  very  high  degree  to  the  recent  pro- 
gress of  geological  science.  Sometimes  the  metamorphio 
action  of  the  erupted  rock  extends  only  to  a  very  small 
distance  from  the  sur&ce  of  contact,  and  produces  a  partial 
transformation,  or  a  sort  of  penumbra,  as  in  the  chalk  of 
Belfast  in  Ireland  traversed  by  veins  of  basalt,  and  as  in  the 
compact  calcareous  beds,  partially  inflected  by  the  contact 
of  syenitic  granite,  neat  the  bridge  of  Bossampo,  and  at  the 
cascade  of  Canzocoli  in  the  Tyrol,  brought  into  notice  by 
Count  Mtorsari  Peneati.  ("'*)  Another  mode  of  transfor- 
mation is,  when  the  whole  of  the  beds  of  compact  limestone 
become  granular  by  the  action  of  granite,  syenite,  or  dioritie 
porphyry.  (3^^) 
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Let  me  here  make  a  special  mentioa  of  the  Foriaa 
mnd  Carrara  marbles,  to  whicli  the  noblest  works  ol 
sculpture  have  given  such  celebrity;  and  which  were  so  long 
T^arded  in  oni  geological  cidlectionB  as  the  types  of  primi- 
tive limestone.  The  action  of  granite  has  been  exerted 
sometimes  by  immediate  contact,  as  in  Uie  Pyrenees ;  {*") 
sometimes  through  intermediate  beds  of  gneiss  or  of  mica 
slate,  as  in  Greece,  and  the  islands  ol  the  ^gean 
Sea.  In  both  cases  the  transformation  of  the  calcareoua 
Tock  has  been  cotemporaneous  with  the  granite,  but  the 
process  has  been  different.  It  has  been  remarked  that  in 
Attica,  in  the  island  of  Enboea,  and  in  Ute  Peloponnesns, 
"  the  limestone  superposed  on  mica  slate  is  more  beantiM  and 
more  crystalline,  as  the  mica  slate  is  moat  pore,  or  least  argil- 
laceous," and  it  is  known  that  mica  slate  and  betU  of  gneiss 
shew  themselves  at  many  peSts  beneath  the  surface  in  Faros 
and  Antiparos.  {"^)  Xenophanes  of  Colophon  (who  supposed 
the  whole  surface  of  the  earth  to  have  been  originally  covered 
by  the  sea),  remarked,  in  a  notice  preserved  by  Origen,  (*'*) 
that  marine  fossils  had  been  foond  in  the  quarries  of  Syrfr- 
cnse,  and  the  impression  of  a  small  fish  (a  sardine)  at  the 
bottom  of  that  of  Faros :  supposing  the  latter  statement  to 
have  been  correct,  we  might  infer  the  presence  of  a  fossiliferoos 
bed  but  partiaDj  metamorphosed.  The  Carrara  (Luna)  marble, 
which,  from  the  Augustan  era,  and  even  &om  an  earlier  period, 
has  afforded  the  principal  supply  of  statuary  marble,  and  will 
probably  continue  to  do  so  unless  the  qoarries  of  Paroa  are 
reopened,  is  a  bed,  altered  by  plutonic  actionj  of  the  same 
calcareous  sandstone  (macigno),  which  in  the  insulated  Alp 
of  Apnana,  shews  itself  between  micaceous  and  talcose 
whists,  (sso)  A  very  different  origin  has,  indeed,  been 
assigned  for  marble  in  s  ome  other  locahtiea ;  and  whether  in 
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some  cases  granular  limestone  may  not  have  been  framed 
in  the  interior,  and  raised  to  the  surface  b;  guei^  and 
syenite,  {^^'1  where  it  occupies  fissures,  as  at  Auerbach  or 
in  the  Bei^trasse,  is  &  question  on  which  I  do  not 
venture  to  express  an  opinion,  becanse  I  have  not  personally 
visited  the  localities. 

The  most  remarkable  instance  of  metamorphism  produced 
^  erupted  rocks  on  compact  cdcareous  strata,  is  that  which 
Leopold  von  Buch  has  pointed  out  in  masses  of  dolomite^ 
especially  on  the  southern  Tyrol,  and  on  the  Italian  declivity 
of  the  Alps.  The  alteration  of  the  limestone  appears  to 
have  been  effected  by  means  of  fissures  traversing  it  in  every 
direction ;  the  cavities  are  everywhere  covered  with  rhom- 
boidal  crystals  of  magnesia,  and  the  whole  formation  con- 
sisls  of  a  granular  a^lomeration  of  crystals  of  dolomite, 
without  any  trace  of  the  original  stratification,  or  of  the 
fossils  wliich  were  previously  contained  in  it.  Laminte  of  talc 
are  partially  disseminated  iu  the  new  rock,  and  it  isinterspersed 
with  masses  of  serpentine.  In  the  valley  of  the  Fassa 
the  dolomite  rises  perpendicularly  in  smooth  walls  of  daz- 
iJing  whiteness  to  a  height  of  several  thousand  feet.  It 
forms  groups  of  numerous  shsiply-pointed  conical  moun- 
tains, clustered  but  separate.  These  features  recal  thn 
lovely  mountain  landscape  with  which  the  imi^nation  of 
Leonardo  da  Vinci  has  adorned  the  background  of  the  poc- 
trait  of  Mona  Lisa. 

The  geological  pheenomena  which  we  are  here  describing, 
and  which  interest  both  the  imagination  Mid  the  intellect, 
residt  &om  the  action  of  augitic  porphyry,  which  has  ele- 
vated, shattered,  trnd  transformed  the  beds  which  are  abovff 
it.  (3^)     The  illustrious  geologist  who  first  brought  into 
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BOtice  tiie  conversioE  of  limestoae  iato  dolomite,  does  not 
attribute  it  ia  the  mtjx>duction  of  a  ontaia  portion  of  talo 
derived  from  the  black  porphfrjj  bat  considera  it  a  modifi- 
cation of  the  limestone,  contemporoneoos  vith  the  piojection 
of  the  erupted  rock  through  wide  fissures  filled  with  va- 
pours.    Bat  in  certain  localities,  beds  of  dolomite  are  found 
iuteiposed  between  limestone  strataj  and  it  k  yet  to  be  ex< 
plained  bow  the  transformation  can  have  taken  place  without 
the  presence  <^  an  erupted  rock,  and  where  ve  are  to  look 
for  the  concealed  channels  of  the  plutonic  action.      We 
ought  not  to  resort,  however,  even  in  this  case,  to  the  old 
Boman  ad^,   "that  much  that  is  aUke  in  nature  has 
been  formed  in  different  ways:"   since  over  widely  ex- 
tended parts  of  the  earth,  we  have  seen  two  phtenomena 
associated, — the  protrusion  of  a  certain  igneous  rock, — 
and  the    transformation    of    compact    limestone    into    a 
orystalHne  mass  possessing  new  chemical  properties,— we 
may  well  suppose  diat,  in  the  few  cases  in  which  the  lattear 
phflHiomeuon  alone  is  visible,  future  observation  mH  remove 
the  diffiiculty,  and  wiU  shew  that  the  apparent  anomalies 
■re  dae  to  the  conditions  under  which  the  general  causes  of 
netamorphism  have  acted  in  the  particular  cases.     We  can- 
not doubt  the  volcanic  nature  mid  igneous  fluidity  of  basalt^ 
because  some  rate  instances  occur  ot  basaltic  dykes  tra- 
▼ersit^  a  bed  of  coal,  without  reducing  it  to  charcoal, — 
ef  sandstone  without  producing  the  usueJ  efTect  of  heat,—' 
ot  of  chalk  without  converting  it  iAto  granular  marble.     If 
we  have  bb  yet  obtained  only  an  imperfect  light  to  guide 
Bs  in  the  obscure  domain  of  mineral  formations,  it  would 
rarely  be  unwise  to  abandon  it,  because  there  are  some 
points  in  the  history  of  the  transformation  of  rocks,  and 
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Bome  difficulties  connected  viih  the  interposition  of  heda 
of  altered  rock  between  unaltered  strata,  whicli  we  cazmot 
wholly  explain. 

Having  described  the  trassformalion  of  compact  car> 
bonate  of  lime  into  granular  limestone  and  dolomite,  we 
have  to  notice  a  third  mode  of  alteration  in  the  same  rock, 
occasioned  by  the  emission  at  some  ancient  epoch  of  tbe 
Tapoors  of  sulphuric  acid.  The  gypsum  thus  produced 
offers  analogies  with  beds  of  rock  salt  and  snlphnr  (the 
latter  deposited  from  aqneous  vapour  chained  with  that 
minoBl).  In  the  lofty  Cordilleras  of  Quindiu,  &r  from  ai^ 
volcano,  I  have  observed  deposits  of  sulphur  in  fissures  in 
gneiss,  while  in  Sicily  (at  Cattolica  near  Gii^enti),  sulphur, 
gypsum,  and  rook  salt,  are  found  in  the  most  recent  secon- 
dary formations.  C"^)  At  the  edge  of  the  crater  of  Vesuvius 
also  I  have  seen  fissures  filled  with  rock  salt,  sometimes 
in  masses  sufficiently  considerable  to  occasion  a  contn^ 
band  trade ;  while  on  the  northern  and  soutbetu  declivi- 
ties of  tbe  I^ronees,  one  cannot  donbt  tbe  connection  of 
dioritic  (pyroxenic?)  rocks  with  the  occurrence  of  dolo- 
mite, gypsum,  and  rock  salt.  {"**)  In  these  phsenomena 
every  thing  indicates  the.  action  of  subterranean  forces  on  tba 
sedimentary  strata  deposited  by  the  ancient  sea. 
.  There  is  mach  difficulty  in  assigning  tbe  origin  of  those 
vast  masses  of  pure  quartz  which  are  characteristic  of  the 
Andes  of  Soath  America,  (^ss)  Ja  descending  towuds  the 
Pacific,  from  Gaxamarca  to  Guangamarca,  I  have  found  beds 
of  quartz  from  seven  to  eight  thousand  feet  in  thickness 
resting  sometimes  on  porphyry  devoid  of  quartz,  and  sain»i 
times  on  diorite.  Can  these  be  a  metamorphosed  sandstone, 
each  as  Elie  de  Beaumont  conjectures  to  be  tbe  origin  of  tEa 
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beds  of  qnartz  of  the  Col  de  U  PoisBoniire^  to  the  east  of 
!Briaiu;oa  ?  (^  In  the  diamond  districts  of  Miiws  Geraes 
and  St,  Paul  in  Brazil,  which  have  been  recentlj  stadied 
vith  great  care  bj  Clausen,  the  plutonio  action  of  dioritie 
-veins  has  produced  ordinary  mica  and  specular  iron  in 
quartzose  itacolumite.  The  diamonds  of  Giammagoa  toe 
contained  in  siliciotis  beds,  and  are  sometimes  enveloped 
in  laminfc  of  mica,  like  the  garnets  found  in  mica  slate. 
The  most  northern  diamonds  yet  known,  which  have  been 
discovered  since  IS29,  in  58°  lat.,  on  the  Eoropean  dech- 
vitj  of  the  Onral,  are  geologically  related  to  the  black  caN 
boniferons  dolomite  of  Adolphakoi,  (^^7)  and  to  angitic 
porphyry ;  bat  these  relations  have  not  yet  been  sufficiently 
elucidated  by  exact  observation. 

Among  the  most  remarkable  phenomena  of  contact,  I 
may  also  allude  to  the  formation  of  garnets  in  argillaceons 
schist  in  contact  witu  basalt  and  dolerite  in  Northnmber- 
land  and  the  Island  of  Anglesca,  and  the  prodnction  of  » 
lai^  quantity  and  variety  of  beautifol  crystals  of  garnet,  vesu- 
vian,  augite  and  ceylanite,  at  the  snrface  of  contact  of  erupted 
and  sedimentary  rocks;  namely,  at  the  junction  of  the 
syenite  of  Monzon  with  dolomite  and  compact  limestone.  ('^) 
In  the  Island  of  Elba,  masses  of  serpentine,  which  perhaps 
nowhere  present  anch  clear  evidences  of  their  eruptive  ch&- 
lacter,  have  produced  sublimations  of  specular  iron,  and  of 
red  ojiide  of  iron,  in  fisanres  of  calcareous  sandstone.  ('**) 
We  still  see  specular  iron  formed  daOy  from  sublimation  on 
the  sides  of  open  fissures  in  the  craters,  and  in  recent  cu>> 
rents  of  lava,  of  the  volcanoes  of  Stromboli,  Vesuvius,  and 
Etna.  {^  The  veins  thus  formed  under  our  ^es  by  volcanic 
forces,  in  rocks  which  hare  attained  a  certain  degree  of  solidity, 
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teach  ns  how,  in  earlier  terrestrial  or  geologicid  epoc^a, 
metalliferous  or  mineriJ  veiiu  may  have  been  prodaced, 
wherever  the  crust  of  our  planet,  then  thinner,  and  fre- 
quently rent  by  earthquakes,  was  firactored  wid  fissured  in 
efery  direction  by  chai^  of  volume  in  cooling,  presenting 
eomamuications  with  the  interior,  and  a  means  of  escape  for 
ascending  vapours  and  sublimations  of  the  metals  and  the 
earths.  The  arrangement  of  the  particles  in  layers  parallel 
with  the  bounding  surfaces  of  veins, — the  r^ular  repetition 
of  layers  of  the  same  materials  on  opposite  parts,  for  eutuiple 
on  the  walls,  of  veins, — and  the  elongated  druay  cavities 
occupying  the  middle  space,  often  furnish  direct  evidence  of 
the  plutonic  act  of  sublimation  in  metalliferoos  veins.  As 
the  veins  or  dykes  wliich  traverse  rocks  are  more  recent 
than  the  rocks  which  are  traversed  by  them,  the  relative 
positions  of  the  porphyry  and  of  t^e  argentiferous  ores 
in  the  mines  of  Saxony,  which  are  the  richest  and  most 
important  in  Germany,  teach  us  that  they  are  at  least  more 
recent  than  the  remains  of  vegetation  in  the  coal  measures 
and  in  the  lower  portions  of  the  new  red  sandstone  (Both- 
liegendes.  ^9') 

Out  geological  hypotheses  of  the  formation  of  the  crnst 
of  the  earth,  and  of  the  metamorphism  of  rocks,  have 
derived  nnexpeoted  elucidation,  from  the  comparison  of 
minerals  elaborated  by  nature  with  the  products  of  our 
smelting  furnaces,  and  from  the  endeavours  to  reproduce 
the  former  artificially  from  their  elements,  p™)  In  all  these 
operations,  the  same  affinities  which  determine  chemical 
combinations  ire  in  action  both  in  our  laboratories  and 
in  the    bosom    of  the    earth.      Amongst    the    mineials 
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formed  artificiaUy  are  the  moat  importaut  simple  minerals 
which  characterise  very  widely  distributed  eruptive  plu- 
tonic  tuid  volcanic  rocks,  as  well  as  metamoTphic  rocks 
altered  by  them ;  and  these  have  been  produced  in  ft  ciys- 
talUne  state,  and  with  complete  identity.  We  must  dis- 
tinguish, however,  between  minerals  formed  accidentally  in 
the  sconce,  and  those  pioduoed  by  chemical  operstionB 
purposely  devised ;  to  the  first  class  belong  feldspar,  mica, 
BUgite,  olivine,  blende,  crystallized  oxide  of  iron  (apecnlat 
iron),  octahedral  magnetic  oxide  of  iron,  and  metallic  tita- 
nium ;  {^^)  to  the  second,  garnet,  idocrase,  ruby  (as  hard 
as  the  oriental  ruby),  olivine,  and  augite.  (®*)  These  mi- 
nerals form  the  principal  coastitnenfcs  of  granite,  gneis^^  and 
mica  slate,  of  bastJt,  dolerite,  and  many  porphyries.  The 
artificial  production ,  of  feldspar  and  mica  is  of  singular 
geological  importance,  in  reference  to  the  theory  of  the 
metamorphic  conversion  of  argillaceous  schist  into  quartz. 
We  have  in  the  schist  all  the  elements  of  granite,  witlioat 
even  excepting  potash.  (*s*)  It  would  not  be  very  sur- 
prising, therefore,  as  our  in^,eiiiou8  geologist  von  Deche;^ 
has  justly  remarked,  if  on  some  occasion  we  wefe  to  find  a 
fragment  of  gneiss  formed  on  the  inside  wail  of  a  furnace 
built  of  argiliaceons  schist  and  greywacke. 

Having  passed  in  review  the  three  great  classes  of  erupted 
sedimentary,  and  metamorphic  rocks,  we  have  still  to  notice 
the  fourth  class,  comprising  conglomerates,  or  rocks  formed 
of  detritus.  The  terms  which  we  employ  to  designate  this 
class  recal  the  revolutions  which  the  crast  of  the  earth  has 
undergone,  as  well  as  the  cementing  action  which  has  con- 
sohdated,  by  means  of  the  oxide  of  iron,  or  argillaceous  or 
aJcareous  pastes,  the  sometimes  roooded,  and  sometimes 
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aWply  ftQ^ir  misses  of  fragnoeata.  Caaglomerates  tai 
breccias,  ia  their  widest  acceptation,  present  the  characten 
of  &  double  origin.  Their  mechanical  constitoents  lun 
ruA  been  accumulated  solely  by  the  action  of  the  ae^ 
or  by  streams  of  fresh  water,  and  there  are  some  of  theae 
rocks  to  the  fonoation  of  which  the  action  of  water  hai 
not  contributed,  "When  basaltic  islaada  or  tnwjhjtia 
mountains  bare  been  elevated  through  birge  Gsanres,  the 
friction  of  the  ascendmg  masses  against  the  sides  of  flu 
tUsures  has  ocoasioned  the  basalt  or  the  trachyte  to  be  sn^ 
rounded  by  conglomerates,  farmed  from  fragments  of  thar 
o>rii  substance.  In  the  sandstones  of  many  formations,  the 
grains  of  which  they  are  composed  have  been  separated, 
rather  by  the  friclSon  of  erupted  plntonic  or  volcanic  rocks, 
than  by  the  erosive  action  of  a  neighbonring  sea.  The  ex- 
istence of  this  species  of  conglomerate  (which  is  found  ia 
immense  ma.4aes  in  both  continents^,  testifies  the  intensity  of 
the  force  with  which  the  eruptive  masses  were  impelled  from 
the  interior  towards  the  surface.  The  pulverized  materiab 
must  have  been  subsequently  conveyed  away  by  the  waters^ 
and  disseminated  in  the  beds  where  they  mre  now  found."  (^^) 
PormatioQS  of  sandstone  are  found  every  where  interposed 
between  other  strata,  from  the  lower  sOurian  series  to  the 
tertiary  formations  above  the  clujk.  On  the  murgins  of 
ihe  vast  plains  of  the  new  continent,  both  within  and  beyond 
the  tropics,  we  find  these  beds  of  sandstone  eit«nding  in 
long  ramparts  or  walla,  as  if  indicating  the  ancient  ahon 
i^nst  which  the  biUows'  of  the  sea  once  broie. 

When  we  glance  at  the  get^raphical  distribution  of  rock^ 
and  at  the  extent  which  each  occupies  of  the  portion  of  the 
crust  of  the  earth  accessible  to  our  researches,  we  reoognis* 
that  the  most  generally  prevailing  chemical  Bohstanca  ii 
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■fflica,  osoallf  opaqne,  and  varioosly  coloured :   the  sab- 
cst^ance  next  in  abondsnce  is  carbonate  of  lime;  then  cotn< 
Vsdnatioiis  of  silicic  add  with  alumina,  potash,  and  aodiv 
"with  lime,  magnesia,  and  oxide  of  iron.     The  substances  to 
-^faich  we  give  the  generic  name  of  rocks  are  definite  asaocia- 
'tiona  of  a  small  nomber  of  minerals,  to  which  some  other  mine- 
K«la  attach  themaelvea  as  it  were  pantsitically,  bnt  always  under 
definite  laws.     These  elements  are  not  confined  to  particular 
irocks :  thus  quarts  (silicic  acid),  feldspar,  and  mica,  are  the 
sabstances  which,  in  their  association,  essentially  constituto 
granite;  but 'they  are  also  found  in  many  other  rock  forma- 
tions, either  singly  or  two  of  them  combined.     A  single  ez> 
smple  will  suffyie  to  shew  how  the  proportions  of  these 
elements  may  vary  in  different   rocks,    and  how  quan- 
titative relations  distinguish  a  feldspathic  from  a  micaceous 
rock.     Mitscherhch  has  shewn,  that  if  we  add  to  feldspar 
.    three  times  the  quantity  of  alomina,  and  one-third  of  the 
proportion  of  silex  which  previously  belonged  to  it,  we  obtais 
the  composition  of  mica.      Both  these  minerals  contain 
potassium;  a  substance  of  which  the  existence  in  many 
kinds  of  tock  was  no  doubt  anterior  to  vegetation. 

llie  succession  and  the  relative  age  of  difiei«nt  fomm- 
tious  are  traced,  partly  by  the  order  of  superposition  of  sedi- 
mentary strata,  cd  metamorphic  beds,  and  of  conglomerates, 
and  partly  by  the  nature  of  the  formations  which  the  empted 
locks  have  reached  or  traversed,  bnt  moat  secnrely  by  the  pre- 
sence of  organic  remains  and  their  diversities  of  structure. 
The  application  of  botanical  tad  zoological  evidence  in  deter- 
mining the  age  of  rocks,  and  in  fixing  points  in  the  chro- 
aology  of  the  crust  of  the  globes  which  the  gemoB  and 
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s^acity  of  Ilooke  led  him  to  anticipate,  marks  <Hie  of  Uie  most 
biilliaiit  eraa  in  the  progress  of  modem  geology,  into  ^rhich 
palffiontological  studies  have,  as  it  were,  breathed  new  hk, 
investing  it  with  fresh  charms  and  richly  varied  interests. 

In  the  fo3»lifeiou3  strata  are  inhumed  the  remains  of  ibt 
floras  and  launas  of  past  ages.     As  we  descend  from  stratom 
to  stratum  to  study  the  reUtious  of  snperpositiDi),  we  ascraid 
in  the  order  of  time,  and  new  worlds  of  animal  and  vege- 
table existence  present  themselves  to  the  view.      Widely 
■extended  changes  of  the  surface  of  the  globe,  elevations  of 
the  great  moontain  chains  of  which  we  are  able  to  deter- 
mine the  relative  age,  have  been  accompanied  by  the  de- 
struction of  existing  species,  and  by  the  apijearance  of  nev 
forms  of  organic  life;  a  few  only  of  the  older  remaining 
for  a  time  amongst  the  more  recent  species.      In  our  igno- 
rance of  the  laws  under  which  new  organic  forma  appear  from 
tune  to  time  upon  the  surface  of  the  globe,  we  employ  the 
expression  of  "  new  creations,"  when  we  desire  to  refer  to" 
the  historical  pluenomena  of  the  variations  which  have  taken 
place  at  intervals,  in  the  animals  and  plants  which  have 
inhabited  the  basins  of  the  primitive  seas  and  JJie  uplifted 
continents.     It  has  sometimes  happened  that  extinct  species 
have  been  preserved  entire,  even  to  the  minntcst  detail  of 
their  tissues  and  articulations.   In  the  lower  beds  of  the  secon- 
dary period,  the  lias  of  Lyme  Begis,  a  sepia  has  been  found  so 
wonderfully  preserved,  that  a  part  of  the  black  fluid  with  which 
the  anim^  was  provided  myriads  of  years  ago  to  conce^  itself 
&om  its  enemies,has  actually  served,  at  the  presenttime,  to  draw 
it£  picture.  (^"'')     In  otiier  cases  such  traces  alone  remain,  as 
the  unpression  which  the  feet  of  animals  have  left  on  wet  stud 
or  mnd  over  which  they  may  have  passed  when  alive,  ca  the 
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8  of  their  undigested  food  (coprolites).  Some  stiata 
foniiBh  only  the  impression  of  a  shell ;  bat  if  it  be  one  of 
«  characteriatic  kind,  (^  ve  ere  able,  on  its  production, 
to  rect^nise  the  formation  in  which  it  wu  founds  and 
to  state  other  organic  remains  which  were  buried  with  it. 
Thus  the  shell  bionght  home  by  the  distaat  traveller  ao- 
qnsanta  ns  witli  the  geolc^cal  character  of  the  countriea 
which  he  has  visited. 

The  analytieal  atody  of  the  animal  and  vegetable  king- 
doms of  the  {HrimitiTe  world  has  given  rbe  to  two  distinct 
branches  <A  science ;  one  purely  morphological,  which  oo- 
cnpies  itsdf  in  natoral  and  physiolt^cal  descriptions,  and 
in  the  endeavour  to  fill  up  firom  extinct  forms  the  cliastos 
vbich  present  themselves  in  the  series  of  existing  species; 
&B  other  branch,  more  especially  geoI(^cal,  considers  the 
relations  of  the  fossil  remuns  to  the  superposition  and  rela- 
tive  E^e  of  the  sedimentary  beds  in  which  they  me  foond. 
The  first  long  predominated;  and  the  superficial  manner 
which  then  prevailed  of  comparing  fossil  and  existing  spe- 
cies, led  to  errors  of  which  traces  stUl  remain  in  the  strange 
denominations  which  were  given  to  certain  natural  objects. 
Writers  attempted  to  identify  all  extinct  forms  with  living 
species ;  as,  in  the  sixteenth  century,  the  animals  of  the  New 
World  were  confounded  by  false  analogies  with  those  of  the 
Old  Continent.  Camper,  Sdmmering;  and  Blumenbach, 
were  the  first  to  enter  on  a  more  rational  course,  and  have 
the  merit  of  having  first  apphed  the  resources  of  compara- 
tive anatomy,  in  a  strictly  scientific  manner,  to  that  part  of 
palteontology  (the  archEeology  of  organic  life),  which  treats 
of  the  bones  of  the  larger  vertebrated  animals.  But  it  ia 
pre-eminently  to  the  admirable  works  of  George  Cuvier  and 
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AlexontW  Brongniart,  that  we  owe  the  establishment  of  fhe 
science  of  fossil  geology,  by  the  success&l  combinatian  of 
Eool(^cal  types  with  the  order  of  superposition  and  thfl 
relative  age  lA  strata.  The  oldest  sedim^itaiy  strata  pre> 
sent  to  OS,  in  the  oigonic  remains  which  they  contain,  • 
variety  cf  fonns  occupying  very  diffra«nt  gradationa  iq  tha 
scale  of  [HXJgressive  development  Of  plants,  we  find  » 
few  Fuci,  Lycopodiaceae  which  were  periiaps  arborescent, 
Eqnisetaccfe,  and  tropical  fems :  but  ot  animals  we  discova 
a  strange  association  of  Crastacea  (inclodiug  Trilobites  with 
reticulated  eyes),  Brachiopoda  (Sptiifeis,  Orthis),  elegant 
Sphferonites  allied  to  Crinoidea,  (^99)  Orthoceratites  of  ths 
family  of  Cqihalopoda,  and  numerona  corals ;  and,  mingled 
with  these  animals  of  inferior  order,  we  already  find  in  the 
upper  beds  of  the  silurian  system  fiah  of  singular  fono. 
The  family  of  Cephalaspidee,  animals  of  which  the  bead  was 
defended  with  large  bony  enamelled  plat«3,  and  fragments 
of  one  genus  of  which  (the  Pterichtys)  were  long  uistaken 
for  trilobites,  belong  exdusively  to  the  deroniaa  fornix 
tioo  (old  red  sandstone) ;  this  family  constitutes,  according 
to  Agassiz,  as  distinctly  marked  a  type  in  the  series  of  fishes, 
as  that  which  includes  the  Ichthyosaurus  and  Flesiosanros 
among  reptiles.  [^°°)  Gouiatites,  belonging  to  the  tribe 
of  ammonites,  {^°^)  also  begin  to  shew  themselves  in  the 
limestone,  and  in  the  greywacke  of  the  devonian  formation; 
and  even  appear  in  the  lower  sOorian  strata. 

la  respect  to  invertebrate  animals,  no  very  clear  relkion 
has  yet  been  recognised  between  the  age  of  rocks,  and  the  phy- 
Biological  gradation  of  the  species  which  th^  contain :  (™^) 
but  this  relation  manifests  itself  in  a  very  systematic  mannv  in 
vertebrate  aaimala.    In  these,  the  most  ancient  foimSj  •■ 
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ve  hare  just  seen,  are  those  of  certain  fishes ;  ascending 
in  Uk  scale  of  aaperp(»ition,  we  find  first  reptiles,  and 
then  mujunsHa.    The  first  r^tile  (a  Saorian  of  the  genus 
Monitor,  according  to  Cuvier),  and  which  had  already  at- 
tracted tiie  notice  of  Leibnitz,  f^)  is  found  in  the  copper 
slate  (Kupfeischiefer)  of  the  zechstein  in  Thoringia;  the 
Paleosaonis  and  the  Thecodontosaurus  of  Bristol,  belong, 
according  to  Murcliison,  to  the  same  period.    The  nomber 
ctf  Sauriana  continues  to  angment  in  the  mosch^kalk,  (><**) 
the  kenper  saudstone,  and  the  oolite  in  whidi  thej  reach 
their  maximum.     At  the  oolitic  period  (including  under 
this  name  the  li»s}  lived  several  species  of  Flesiosaums,  an 
mimal  having  a  long  swan-like  neck,  formed  in  some  cases 
df  apwards  of  thirty  vertebtte;  the  Megalasaums,  a  gigantic 
xeptile  of  forty-five  feet  in  length,  with  bones  of  the  extre- 
mities resembling  those  of  the  heavy  terrestrial  quadrupedsj 
el^t  species  of  Ichthyosauri  with  enoimons  ^es;    the 
Geosaurus  (Sommerii^s  Lacerta  gigantea) ;  and  seven  species 
df  hideous  Fteiodactyles,  or    reptiles  with    membranous 
wings.  (^5j     There  existed  also  towards  the  latter  part  of 
tJie  period  the  colossid  Ignanodon,  an  herijivorous  animal , 
snd  in  the  chalk  where  the  number  of  crocodilian  Sauriaos 
b^ins  to  dimini^,  we  find  the  Mososanms  of  Conybeare^ 
a  crocodile  of  Maestricht.     We  learn  from  Cuvier,  that 
animab  beloi^ing  to  the  present  race  of  crocodiles  are  found 
in  the  tertiary  formations ;  and  Scheochz^s  supposed  ho* 
bian  skeleton   (homo  diluvii  testis),  s  great  salamandei 
allied  to  the  axoloti  which  I  brought  from  the  lakes  around 
the  city  of  Mexico,  belongs  to  the  most  recent  fresh  wata 
formations  of  CEjiingen. 

In  studying  the  relatire  age  of  fossils  by  tiie  otda  <t 
superposition  of  Uie  strata  in  which  they  ate  found,  imp(N^ 


tent  relations  have  been  discovered  between  fomilies   and 
epeaea  (ihe  latter  alwajra  few  in  nnmber)  which  have  dis- 
appeared, and  those  which  are  still  tiving.     AH  obs^ratioiis 
concnr  in  shewing,  that  Uie  fossil  faunas  and  floras   difla 
from  the  present  animal  and  v^etable  forma  the  more  -widely, 
in  proportion  as  the  sedimentary  beds  to  which  they  belong 
are  lower  or  more  ancient.     Thus  great  variations  have  sao- 
cessively  taken  place  in  the  general  types  of  oi^anic  life ; 
and  these  grand  phsenomena,  which  were  first  point«d  out  by 
Cuvier,  (3"^)  offer  namerical  relations,  which  Deahayes  and 
Lyell  have  made  the  object  of  important  researches,  by  which 
they  have  been  conducted  to  decisive  results,  especially  as  ro> 
gards  the  numerous  and  well  observed  fossiils  of  the  different 
groups  of  the  tertiary  formation.     Agassiz,  who  has  exa- 
mined 1700  species  of  fossil  fishes,  and  who  estimates  at 
8000  the  number  of  living  species  which  have  been  de- 
scaibed  or  which  are  preserved  in  our  collectioim,  afErms  in 
bis  great  work,  that,  with  the  exception  of  one  smaU  fossil 
£sh  peculiar  to  the  ai^illaceoas  geoda  of  Greenland,  he 
has  never  met  in  the  transition,  secondary,  or  tertiary  strata, 
with  any  animal  of  this  class  specifically  identical  with  any 
living  fish ;  and  he  adds  the  important  remark,  that  even 
in  the  lower  tertiary  formations,  a  third  of  the  fossil  fishes 
of  the  calcaire  grossier,  and  of  the  London  clay,  belong  to 
extinct  fiunilies.     Below  the  chalk  we  no  longer  find  a  single 
genoB  of  the  present  period;  and  the  singular  family  of  the 
^anroid  fishes  (fishes  with  enamelled  scales,  almost  approach 
ing  reptiles  in  some  of  their  characters,  and  extending  up 
wards  from  the  carboniferous  rocks,  where  the  larger  specia 
among  them  are  fonnd,  to  the  chalk,  where  only  a  few  indW 
Tidnals  are  met  with),  presents  relations  with  two  species 
which  now  inhabit  the  Nile  and  some  of  the  American  riven 
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(tile  Lepidofftens  and  the  FoIypl«raB},  sitnilar  to  tiuiee  exhi- 
bited hf  the  Mastodon  and  Anoplotherium  of  the  ancient 
world  vhai  compared  with  our  elephants  and  tapirs,  po?) 

We  learn  from  Ehrenberg'a  remarkable  discoveries,  that 
the  beda  of  chalk,  which  still  contain  two  speoies  of  these 
Baoroid  fishes,  and  in  which  are  found  gigantic  reptiles,  and 
a  considerable  Dumber  ol  corals  and  shells  which  no  longa 
exist,  are  nevertheless  composed  in  great  part  of  microBcopio 
polythftUmia,  many  of  which  ore  still  living  wtat  in  the  seas 
of  our  own  latitudes,  in  the  North  Sea,  and  in  Hie  Baltio. 
Thus  we  see  that  the  tertiary  group  of  deposita  resting  imme- 
diately upon  the  chalk,  and  to  which  the  name  of  Eocene  group 
is  usually  given,  is  not  strictly  entitled  to  that  desig- 
natian,  for  the  dawn  of  the  wtn-ld  in  which  we  live  extends 
much  &rthei  back  in  the  history  of  our  planet  than  has 
been  hitherto  supposed.  (*<*) 

We  have  seen  that  fishes,  which  are  the  oldest  vert«- 
brated  animals,  first  appew  in  the  silurian  strata,  and 
ore  found  in  all  the  succeeding  fonnrLiions  up  to  tjie 
beds  of  the  tertiBTy  period.  Septiles  begin  in  lite  manner  in 
the  zechstein  (magnesisn  limefrtone] ;  and  if  we  now  add,  tha^ 
the  first  mammalia  (the  Thylacotherium  prevostii  and  Thyla- 
cotfaeiium  bucklandi,  allied,  according  to  Valenciennes,  {^'^) 
to  marsupial  animals,)  are  ntet  with  in  'the  Stonesfield 
■late,  a  member  of  the  oolite, — and  that  the  first  r^naiuB  of 
birds  have  been  found  in  the  deposits  of  the  cretaceous 
period,  (^lo)  we  shall  have  indicated  the  inferior  limits, 
according  to  out  present  knowledge,  of  the  four  i^eat  divi-. 
ekms  of  the  vertebrata. 

In  regard  to  invertebrate  animals,  wc  find  corals  and 
•ome  shells  associated,  in  the  oldest  fonnati<m8,  with  vei; 
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tiiglL^  oi^amsect  cepluilopodes  and  crnstaceans,   so   that 
widely  different  orders  of  this  part  of  the  asdmoL  kingdom 
appear  intermingled ;  there  are,  nevertheless,  many  isolated 
groups  belonging  to  the  same  order,  in  which  determinate 
laws  are  discoverable.   Whole  mountains  are  sometimes  found 
to  consist  of  a  single  species  of  fossil,  goniatites,  trilobites, 
m  nummulites.    Where  different  genera  ace  intermingled, 
tJiere  often  exists  a  systematic  relation  between  the  series  of 
organic  forms  and  the  superposition  of  the  formations  j  and 
it  has  been  remarked,  that  the  association  of  certein  fanoilies 
and  species  follows  a  regular  law  in  the  superposed  strata 
of  which  the  whole  constitute  one  formation.    Thus  Leo- 
pold von  Bucb,   after  classifying  the  immense  varie^  of 
nmmomtes  in  well  defined  families  by  observing  the  disfpc^ 
sitiott  of  the  lobes,  has  shewn  that  the  ceratites  belong  to 
the  muschelkalk,  the  arietes  to  the  lias,  and  the  goniatites 
to  the  transition  limestone  and  older  rocks.  {'")     Beleii> 
nit«s  have  their  lower  limit  ('")  in  the  keuper  sandstone, 
below  the  Jura  or  oolitic  liniestone,  and  their  upper  limit  in 
the  chalk.      It  has  been  found  that  tbe  waters  in  the  most 
distant  parts  of  the  globe  were  inhabited  at  the  same  epochs 
by  testaceous   animals   corresponding  at  least  in   generic 
character  with  European  fossils :  for  example.  Yon  Euch 
has  described   species  of  exogyra  and  trigonia  from  the 
southern  hemisphere  (&om  the  volcano  of  Maypo  in  Chili), 
and  D'Orbigny   has  indicated  species  of  anmionites  and 
gryphcea  &om  the  Himalaya  and  the  Indian  plains  of  Cutch, 
which  have  been  supposed  even  specifically  identical  with 
tJiose  of  the  ancient  oolitic  beds  of  ^France  and  Germany. 

Strata  defined  by  their  fossil  contents,  or  by  the  frag* 
meuts  of  other  rocks  which  th^  include,  form  a  geologieal 
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horizon  hj  Thicfa  the  geologist  taaj  recogmse  his  positJon, 
uid  obtain  aafe  cnnclasiona  in  regard  to  the  identity  or 
relative  antiqm^  of  fonnstioDS, — ^the  periodical  repetition  of 
certain  strata — their  parallelisin, — or  their  entire  suppres- 
sion. If  we  would  thus  comprehend  in  its  greatest  simpli* 
cdty  the  general  type  of  the  sedimentaiy  formations,  we  find 
in  proceeding  snccessiveljr  &om  below  upwards : — 

1.  The  transition  group,  divided  into  lower  and  uppei 
greywacke :  this  groap  includes  the  silurian  and  devonian 
systems ;  the  latter  formerly  called  the  old  red  sandstone. 

2.  The  hieer  trios  (*i*},  comprising  the  mountain  lime- 
stone, tlie  coal  measnres,  the  lower  new  red  sandstone 
(todtliegendes),  and  the  m^nesian  limestone  (zechstein), 

3.  The  upper  trios,  comprising  the  bunt«r  or  variegated 
Bandstone,  (^**)  the  muschelluJk,  and  the  keuper  sandstone. 

4.  The  oolitic  or  Jurassic  series  ;  including  the  lias. 

5.  The  cretaceous  series,  the  qoadersauilateiD,  the  lower 
■ud  the  upper  chalk.  This  group  includes  the  Floetz  formic 
tions  of  Werner. 

6.  The  tertiary  group,  as  represented  in  ita  three  st^es 
by  the  calcaiie  grossier  and  other  beds  of  the  Paris  basin, 
the  lignites  or  brown  coal  of  Gennany,  and  the  sub-apennine 
groap  in  ^taly. 

To  .these .succeed  transported  soils  (allunum],  containi:^ 
the  gigantic  bones  of  ancient  mammaUa,  such  as  the 
Mastodons,  the  Dinotherium,  and  the  Megatheroid  ani- 
^  mals,  among  which  is  the  Mylodon  of  Owen,  an  animal 
upwards  of  eleven  feet  in  length,  allied  to  the  sloth.  As- 
sociated with  these  extinct  species  are  found  the  fossil 
remains  of  animals  still  living:  elephants,  rhinoceroses, 
oaten,  horses,  and  deer.  Near  Bogota,  at  an  elevation  ot 
8200  Erench  feet  abtfre  the  lerd  of  the  eet^  thete  ii 
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«  field  filled  with  the  bonea  of  Mastodon  (Campo  3b 
Gigaates),  in  which  I  hare  had  careful  excaTatiom 
made.  [^''}  The  bones  found  on  the  table  lands  of 
Mexico  beloag  to  tnie  elephants  of  extinct  apecies.  The 
minor  ranges  of  the  Himalaya,  the  Sevalik  liillsj  which 
Major  Cautle;  and  Dr.  Fdooner  have  examined  with  so 
much  zeal,  contain,  besides  nameroas  Mastodons,  the  Siv:Ek 
therium,  and  the  gigantic  land  tortoise  (Colossochelys), 
more  than  twelve  feet  in  length  and  six  in  height,  as  well 
as  remains  belonging  to  still  existing  species  of  elephants, 
rhinoceroses,  and  girafies.  It  is  worthy  of  notice,  that  theao 
fossils  are  fonnd  in  a  zone  which  still  enjoys  the  same  tro- 
pical climate  which  is  anpposed  to  have  pievuled  at  the 
period  (rf  the  Mastodons.  (3'") 

Hanng  thus  viewed  the  series  of  inorgamc  formations 
which  compose  the  cmst  of  the  earth  in  combination  with 
the  animal  remains  interred  in  them,  we  have  still  to  consi- 
der the  vegetable  kingdom  of  the  earher  times,  and  to  trace 
the  epochs  of  the  successive  floras  which  have  accompanied 
the  increasing  extent  of  dry  land,  and  the  progressive  mod^ 
fications  of  the  atmosphere.  As  we  have  akeady  remarked, 
the  oldest  strata  contain  only  maiiue  plants  exhibiting  ceU 
lulat  tisane,  the  devonian  strata  being  the  first  in  which  soma 
cryptogamic  forms  of  vascular  plants  are  found  (calamifes 
Bnd  lycopodiaceee  ('").  It  had  been  inferred  from  certain 
theoretical  views  concerning  the  simplicity  of  tlie  primitive 
forms  of  organic  life,  that  in  the  ancient  world,  vegetable 
had  preceded  animal  hfe,  and  that  the  former  was  in  fact 
always  the  indispensable  condition  of  the  latter.  But  them 
do  not  appear  to  be  any  focts  to  justify  this  hypothesis;  and 
ttie  dicumstaace  iiat  the  Esijaioiaux,  and  other  tribes  who 
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lire  on  the  shores  of  tlie  Polar  Sea,  subsist  at  the  preaent 

<3aj  exclusively  on  fish  and  cetaceee,  is  alone  sufficient  to 

shew  that  v^etable  substances  are  not  absolntely  indi3pen> 

sable  to  the  support  of  animal  life.      After  the  devonian 

strata  and  the  mountain  limestone,  we  come  to  a  formation 

in  which  botanical  uialysis  has  recently  made  the  most 

'brilliant  progress.  P'*)     Tlie  coal  measures  contain  not  only 

cryptogamic  plants  analogous  to  ferns,  and  phtenogamons 

moQOcotyletlOnes  (grasses,  yucca-Uke  liliacese,  and  palms), 

but  also  gjmnospermic  dicotyledones  (coaiferee  and  cycadeEe) , 

We  have  already  distii^ished  nearly  four  hundred  species  in 

the  coal  formation,  but  of  these  I  will  here  merely  enumerate 

arborescent  calamites  and  lycopodiacete ;  the  scaly  lepidtv 

dendron ;  the  sigiUaria,  sixty  feet  long,  distinguished  by  a 

double  system  of  vascular  fascicles,  and  sometimes  found 

upright  and  apparently  having  its  roots  attached ;  the  stig- 

maria,  approaching  in  some  respects  the  cactacese ;  an  inw 

mense  number  of  fronds  and  sometimes  stems  of  ferns,  which, 

by  their  abundance,  indicate  the  insular  character  of  tlie  dry 

land   of  that  period;(3'S)    cycadete, (^^'')    and    especially 

palms,  (3"')  though  fewer  in  number  than  the  fems ;  aatero- 

phyllites,    with  verticillate  leaves,   allied  to  naiades;    and 

conifene,    resembling   araucarias,  (^'*)    having  some  faint 

braces  of  annual  rings.      All  tliis  vegetation  was  luxuriantly 

developed  on  those  parts  of  the  older  rocks  which  had  risen 

tdwve  the  surface  of  the  water,  and  the  characters  which  di»> 

tinguish  it  from  our  present  vegetation  were  maintained 

tiuough  all  subsequent  epochs  up  to  the  last  of  the  cretaceous 

strata.     The  flora  of  tJie  coal  formation,  comprising  these 

I      remarkable  forms,  presents  a  very  striking  uniformity  of 

I     disttibution  in  genera,    if  not  in  species,  ovec  all  the 
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parts  of  tlie  surface  of  the  earth  which  were  then  exist- 
ing,  OS  in  New  Hollaad,  Canada,  Greenland,  aad  Melville 
Island.  (a«) 

The  vegetation  of  the  ancient  world  presents  forma 
which,  hy  theit  affinities  with  eereral  &miUes  of  living 
plants,  shew  that  in  their  extinction  we  have  lost  many 
intennediate  links  in  the  o^aniS  series.  Thos,  For  example, 
tiie  lepidodendra  find  their  place,  according  to  Lindley,  be- 
tween the  conifersB  and  the  lycopodiacese ;  ("*)  whilst  the 
araacaliEe  and  the  pines  present  differences  in  the  junction  of 
their  vascolar  fascicles.  Even  limiting  oar  consideration  to 
the  present  v^table  world,  we  perceive  the  great  impor- 
tance of  the  discovery  of  cycadese  and  coniferce,  in  the 
flora  of  the  coal  measores,  by  the  side  of  sagenarifie  and 
lepidodendra.  Gonifene  are  allied  not  only  to  cupulifene 
sad  betulinee,  vnth  which  they  are  associated  in  the  lig- 
nites, but  also  to  the  lycopodiaceie.  The  faniily  of  the 
oycadeffi  in  their  external  aspect  approach  palms,  while 
in  the  strncture  of  thai  flowers  and  seeds  they  present 
material  points  of  accordance  with  coniferse.  C^)  Wheia. 
mmy  beds  of  coal  are  placed  one  above  another,  the  genera 
and  species  are  not  idways  intermingled,  but  are  more  often 
§0  disposed  that  only  lycopodiacete  and  certain  ferns  are 
found  in  one  bed,  and  stigmarice  and  sigillariie  in  anothec 
To  give  an  idea  of  the  Inxuriance  of  vegetation  in  the  pri- 
mitive  world,  and  of  the  immense  vegetable  masses  accunio 
lated  in  particular  places  by  streams  or  currents,  and 
transformed  p^)  into  coal,  I  will  notice  the  coal  measures 
of  Saarbmck,  where  a  hundred  and  twenty  beds  are  fowid 
one  above  another,  exduMve  of  a  great  number  which 
Bie  not  more  than  a  foot  thick-    and  there  are  beda 
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exceeding  thirty,  and  even  eiceeding  fifty  feet  in  thick* 
itess,  aa  at .  Johnstone  in  Scotland,  and  in  the  Creozot 
in  Borguady.  In  the  forests  of  the  temperate  zone  at  the 
present  period,  the  carbon  contained  in  the  trees  which 
grow  upon  a  given  sni&tce  would  hardly  suffice  to  cover  it 
with  an  average  thickness  of  seven  French  lines  in  a  cen- 
tury. (337)  It  should  also  be  remarked,  that  the  masses  of 
drift-wood  transported  by  rivers  or  by  marine  currents,  such 
aa  those  which  are  found  at  the  mouth  of  the  Mississippi,  and 
those  which  have  formed  the  "  hills  of  wood,"  described  by 
Wrangel,  on  the  shores  of  the  Polar  Sea,  may  give  us  some 
idea  of  the  accumulations  which  must  have  taken  place  nei^ 
projecting  points  of  land  in  inland  waters,  and  along  the 
island  shores  of  the  ancient  world,  and  which  have  produced 
our  present  coal-beds :  there  con  be  no  doubt,  also,  that 
these  beds  owe  a  considerable  portion  of  their  snbstanc^ 
not  to  large  truuks  of  trees,  hut  to  grasses,  to  low  branch- 
ing shrubs,  and  to  small  cryptogamia. 

The  •association  of  palms  and  oonifera,  which  we  have 
noticed  in  the  coal  measures,  continues  through  all  the  buo- 
ceeding  formations  until  far  inth  the  tertiary  period.  In 
liie  present  day  it  may  almost  be  said  that  these  femiliea 
avoid  each  other's  presence.  We  have  become  so  accus- 
tomed (although  without  sutGoient  ground),  to  regard 
coniferffi  as  a  northern  form,  that  T  well  remember  expe- 
riencing a  feeling  of  surprise,  when,  in  ascending  from  the 
coast  of  the  Pacific  towards  Cliilpansingo  and  the  elevated 
valleys.of  Mexico,  between  the  Veata  de  la  Moxonera  and 
the  Alto  de  lbs  Caxones,  at  a  height  of  above  4000  English 
feet  above  the  level  of  the  sea,  I  rode  for  an  entire  day 
through  a  thick  forest  of  Finns  occidentalis,  and  saw 
amongst  these  trees,  reseighhng  the  Weymouth  pine,  fan 
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palms  (Oorypha  dulcis  >^),  covered  mth  pnirots  of  mai^- 
coloured  plnmage.  Sontli  America  has  oaks,  bat  not  m 
single  Bpeciee  of  pine ;  and  the  first  of  these  fanuUar  fonas 
of  my  native  land  which  presented  itself  to  my  Eoght,  vaa 
Gats  in  strange  association  with  a  ian  palm.  Columbus,  in 
his  first  voyage  of  discoveiy,  saw  Conifene  and  pabns  glov- 
ing togeth^  on  the  north-eastem  point  of  the  ^iland  t^ 
Cub^  (3*0)  and  conseqaently  within  the  tropics  and  nectrly  at 
the  level  of  the  sea.  That  wonderful  man,  whom  noUiing 
escaped,  notices  this  fact  in  his  journal  as  rematkable  ;  and 
his  friend  Anghiera,  the  secretary  of  Eerdinand  the  Catholit^ 
lecoimts  with  astonishmenti  that  "  in  the  newly  discovered 
lands  palmeta  and  pineta  are  found  together."  The  com- 
parbon  of  the  present  distribution  of  plante  over  tjie  sor&ce 
of  the  earth,  with  that  disclosed  by  fossil  floras,  is  of  great 
geological  interest.  The  southern  temperate  zone,  accord- 
ing to  Darwin's  beautiful  and  animated  description  (^  of 
its  ocean-covered  surface,  its  numerous  islands,  and  its 
wonderful  intermixture  of  tropical  forms  of  vegetataen  with 
those  of  colder  regions,  offers  us  the  most  instructive  ex- 
amples for  the  study  of  the  past  oad  present  geography  of 
plants.  The  past  is  undoubtedly  an  important  portion  cf 
the  history  of  the  vegetable  kingdom. 

Cycade-se,  which,  from  the  number  of  their  fossil  species, 
must  have  occupied  a  far  more  important  place  in  the 
ancient  than  in  the  present  vegetable  world,  accouipaiij 
their  allies  the  couiferee  from  the  coal  formation  upward^ 
but  are  almost  entirely  wanting  in  the  variegated  sandstone 
which  contains  the  remains  of  a  luxuriant  growth  of  certain 
conifeite  of  peculiar  form,  Yoltzia,  Haidingera»  and  Albertia. 
The  (yca^em  attain  a  maximma  in  the  keupet  jnd  &e  lia^ 
which  contain  twelve  different  species.     In  the  cretaceou 
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rocks,  mBiine  plants  ttad  naiades  predominate.  Thus,  the 
forests  of  cycadeie  of  the  oolitic  period  had  long  disappeared, 
and  in  the  oldest  ^oups  of  the  t£rtiaiy  fonnation  this 
family  is  very  suboidiiiate  to  the  coniferse  and  the 
palms.  (»*) 

Tiie  lignites,  or  beds  of  btown  coal,  which  are  found  in 
each  division  of  the  terttary  period,  contain,  amongst  the 
earliest  land  cryptogamia,  some  palms,  a  great  number  of 
conifene  with  well-muked  annual  rings,  and  arborescent 
forms  (not  coniferous)  of  a  more  or  less  tropical  character. 
The  middle  tertiary  period  is  marked  by  the  re-establish- 
luent,  in  taH  numbers,  of  the  fiimilies  of  palms  and  cycadeee, 
and,  finally,  the  most  teoent  shews  great  similarity  to  our 
present  vt^etation,  eshibiting  suddenly  and  abundantly 
various  pines  and  flrs,  cupuhfene,  maples,  and  poplars. 
Tlie  dicotyledonous  stems  in  lignit«  are  occasionally  charac- 
terised by  colossal  size  and  great  age.  In  a  trunk  found 
near  Bonn,  Noggerath  counted  792  annual  rings.  (^3)  In 
the  tuif  bogs  of  the  Somme,  at  Yseux  near  Abbeville,  a 
trunk  of  an  oak  tree  has  been  found  above  fourteen  feet  in 
diameter,  which  is  an  extraordinary  thickuess  for  the  extra- 
tropical  parts  of  the  old  continent.  It  appears  from  Gtip- 
perfs  excellent  investigations  that  "  all  the  amber  of  ■ 
the  Baltic  comes  from  a  coniferous  tree,  which,  juicing 
from  the  remains  of  its  wood  and  baik  at  different  ages  or 
stages  of  growth,  seema  to  have  been  a  peculiar  species, 
approacliing  nearest  to  our  white  and  red  pines.  The 
amber  tree  of  the  ancient  world  (Knites  succinifer)  was  far 
more  lesinous  than  any  conifer  of  the  present  period,  the 
resin  being  deposited  not  only  as  in  our  present  trees  within 
and  upon  the  buk,  but  also  in  the  wood  itself,  following 
tlie  course  of  the  medullary  rays,  which,  as  well  as  the  :«ll3, 
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sre  still  distmctly  recogaisBble  under  tlie  microscope,  and 
lai^  masses  of  white  and  yellow  resin  are  aometimes  fonnd 
between  the  concentric  ligneous  rings.  Among  the  vege- 
.  table  substances  inclosed  in  amber  there  aie  male  and  fe- 
male blossoms  of  native  needle-leaved  trees  and  cDpoli&ne; 
but  distinctly  recognisable  fragments  of  Thuia,  Cnpressns, 
Epiiedera,  and  Castania  vesca,  intenningled  with  those  of 
Junipers  and  Krs,  indicate  a  vegetation  different  from  that 
now  subsisting  on  the  coasts  and  plains  of  the  Baltic." 

We  have  now  passed  through  the  whole  series  of  forma- 
tions in  the  geological  portion  of  the  general  view  of  nature, 
from  the  eroptive  rocks  and  most  ancient  sedimentary 
strata,  to  the  alluvial  soils  on  which  are  scattered  the  frag- 
ments of  rock  known  by  the  name  of  "  ertafie  blocks."  The 
dissemination  of  these  blocks  has  been  the  subject  of  much 
discussion;  it  has  been  attributed  to  glaciers,  and  to  floating 
masses  of  ice ;  but  I  am  inchned  to  ascribe  it  rather  to  the 
impetuous  flow  of  waters  from  reservoirs  in  which  they  had 
long  been  det&ined,  and  from  which  they  were  set  iree  by 
.the  elevation  of  mountam  chains.  (^*)  It  is  a  pomt  which 
nlQ  probably  long  continue  undecided,  and  to  which  I  only 
incidentally  allude.  The  most  ancient  members  of  ttie 
transition  series  with  which  we  are  acquainted  are  the 
Bcliists  and  greywacke,  containing  remains  of  marine  planb 
of  the  Silurian,  or,  as  it  was  before  called,  the  cambrian  sea. 
On  what  do  these  oldest  formations  rest,  or, — supposing  tbs 
gneiss  and  mica  schist  beneath  them  to  be  merely  meta- 
morphosed sedimentaiy  rocks, — on  what  were  the  oldest  sedi- 
mentary strata  deposited  1  May  we  venture  a  conjecture  on 
that  which  cannot  be  the  subject  of  actual  geological  obser- 
jratioaF    According  to  an  Indian  my  thus,  the  earth  is  asp. 
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ported  hj  so  elephant,  who,  that  he  maj  not  fell,  is  in  his 
torn  BUppoited  b;  a  gigantic  tottoise ;  bat  the  credulona 
Biahmins  are  not  permitted  to  aak  on  what  the  tortoise 
rests.  We  here  venture  on  a  BOmewhat  similar  problem, 
thoogh  aVEtre  that  we  cannot  hope  to  escape  criticism.  In 
the  astronomical  portion  of  this  work,  reasons  were  given 
which  seemed  to  make  it  probable  that  our  [danet  has 
been  formed  from  nebulous  rings,  separated  from  the  solar 
atmosphere,  ^glomerated  into  spheroids,  and  consolidated 
by  progressive  condensation,  b^inmng  at  the  exterior  and 
proceeding  towards  the  center.  We  will  suppose  a  first 
solid  crust  of  the  earth  to  have  been  thns  formed,  of  which 
the  oldest  silurian  strata  were  the  upper  part.  The  eruptive 
rocka,  which  broke  through  and  upheaved  these  strata,  rose 
£rom  depths  inaccessible  to  our  research;  tiajnaist  have' 
existed,  therefore,  below  the  silarian  skata,  and  were  com- 
posed  of  the  same  association  of  minetalB  which,  vhen  thej 
are  brought  to  the  sur&ce,  become  known  to  us  as  granite, 
augitic  rock,  and  qnartzose  porphyry.  Guided  by  analogy 
we  may  assume  that  the  si^bstances  which  traverse  the  sedi- 
mentary strata,  and  fill  up  their  wide  fissures,  are  only 
ramifications  of  a  great  inferior  mass.  The  foci  of  our  pre- 
sent volcanoes  are  situated  at  enormous  depths;  and, 
judging  from  the  fragments  which,  in  various  parts  of  the 
globe,  I  have  found  imbedded  in  volcanic  currents  of  lava, 
I  consider  it  as  more  than  probable  that  a  primitive 
granitic,  rock  is  the  snbstratum  and  support  of  the  whole 
edifice  of  Buperimposed  fossihferous  strata,  p^*)  Basalt, 
containing  ohvine,  does  not  shew  itself  before  the  cr»> 
taceous  period,  and  trachyte  still  hter;  but  we  find  that 
Qiiptions  of  granite  certainly  belong  to  the  t^KKh  of  the 
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oldest  sedimentmy  strata  of  the  transition  formation,  as  n 
indeed  shewn  by  the  effects  of  their  metamoTphic  action. 
Where  knowledge  cannot  be  obtained  from  direct  evideBcev 
it  may  well  be  permitted,  after  a  caiefnl  comparison  of  the 
facts  which  are  accessible,  to  take  analogy  as  our  guide,  and 
to  advance  a  coDJecture  which  would  restore  to  the  old  ^»- 
nite  a  part  of  its  disputed  claim  to  the  til^e  of  primordial 
rock. 

The  leceot  progress  tA  geology,  and  the  ext^uled  knor- 
k^  of  geological  e^podis,  ehaiacterised  and  determined  by 
the  mineralogical  composition  of  rooks,  by  the  peculiarities 
and  sucoession  of  the  orgaaio  lemaina  which  they  contain, 
and  by  the  circumstenceB  of  their  stratification,  whcHiea: 
uplifted,  incdined,  or  with  ita  horizontalily  undisturbec), 
conduct  ns,  pursuing  the  intimate  caosal  connection  of 
piuenomena,  to  the  distribntjon  of  the  sohd  and  liquid  por- 
tions of  the  surface  of  oar  planet,  its  continents  and  seas. 
We  here  indicate  a  connecting  point  between  the  history  of 
the  revelations  which  the  globe  has  und^^ne,  and  the  de- 
scription of  ite  present  surface;, between  geology  and  phy- 
sical get^rapby,  which  arc  thus  combined  in  the  general 
consideration  of  the  form  and  extent  of  continents.  The 
V>undaries  which  separate  the  dry  land  &om  the  hquid 
element,  and  the  relative  areas  of  each,  have  varied  greatiy 
during  the  long  series  of  geologieil  epochs ;  they  have  been 
very  different,  for  example,  when  the  strata  of  the  coal  for- 
mation were  deposited  horizontally  upon  the  inclined  strata 
of  the  mountain  limestone  and  the  old  red  sandstone; — when 
the  lias  and  the  oolite  were  deposited  on  the  keuper  and  the 
moschelkalk ; — and  when  the  chalk  was  precipitated  on  tiie 
slopes  of  the  greensand  and  oolitic  limestone.    K,  wiUi 
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3ilie  de  Beaninont^  we  give  the  names  ^Jurassic  or  oolitic 
mea,  and  of  creiaceaua  aea,  to  the  wa(«is  torn  which  ths 
oolite  and  the  chalk  wero  respectively  deposited  in  soft  beds, 
the  outlines  d  those  formations  will  indicate,  las  the  two 
cone^onding  geological  epodis,  the  boundary  between  the 
^jy  land,  and  the  ocean  in  which  these  locks  were  thea 
fonoii^  Maps  have  been  drawn  representing  the  state  of 
the  globe  in  respect  to  the  distribatioa  of  land  and  water  at 
tiiese  periods.  Ihey  rest  on  a  more  sure  basis  than  the 
maps  of  the  wmderiugs  of  lo,  or  evm  than  those  of  Ulysses, 
which  at  best  but  represent  U^endary  tales,  whilst  Hie  geo- 
li^ical  m^  are  tiw  gn^csl  repiesentatioiu  of  positive 
&ct<. 

l^e  foUowii^  «re  the  leeolts  <£  the  investagations  which 
have  had  for  their  object  the  determination  of  the  extent  of 
the  dry  land  at  differ^  epochs.  In  tiie  most  ancient  times, — 
durizig  the  ailuriui,  devonian,  and  earbonifwotu  epochs, 
mid  even  as  recently  as  the  triassic  period,— Ihe  portion 
of  the  surface  supporting  luid  vegetation  was  exclosively 
insolor.  At »  subsequent  epodi  these  islands  became  con- 
nected with  each  other,  forming  nnmerous  lakes  and  deeply 
indented  bays.  Einally,  when  die  mountain  chains  lA  the 
I^renees,  the  Apennines,  and  the  Carpathians,  were  ele- 
vated] — about  the  epoch,  therefore,  of  the  older  tertiary 
formations, — the  great  continmts  possessed  neady  their 
present  form  and  extent.  During  the  silntian  epoch,  when 
the  cycadeee  were  in  the  greatest  abundance,  and  the  gig^i- 
tie  saniians  were  living,  the  whole  surface  of  dry  land  &om 
pole  to  pole  most  have  been  less  than  it  now  is  in  the 
Pacific  and  Indian  oceans.  We  shall  see  presently  how  this 
great  preponderance  of  oceanic  surface  must  have  contri- 
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Imted,  together  with  other  onuses,  to  equalise  climates,  nnd 
to  maintain  a  high  temperature.  It  is  only  necessat;  to 
add  here,  in  reference  to  the  progressive  extension  of 
dry  land,  that  a  short  tiQie  before  the  cataclysms  which,' 
>it  longer  or  shorter  intervals,  caused  the  destruction 
of  so  many  ^gantic  vertebrated  animals,  part  of  the  contU 
nental  masses  presented  the  same  divisions  as  at  present. 
Tliere  prevails,  both  in  South  America  and  in  Australia,  a 
great  analogy  between  the  living  animals  and  the  extinct 
species  of  those  countries  Fossil  species  of  Kai^aroo  have 
been  discovered  in  New  HoUoad;  and  in  New  Zealand,  the' 
semi-fossilized  bones  of  a  ^gantic  struthious  bird,  the 
Dinornis  of  Owen,  closely  allied  to  the  present  Apteryx  of 
the  same  islands,  and  remotely  so  to  the  recently  extinct 
Dodo  of  the  island  of  Rodriguez, 

A  considerable  part  of  the  height  of  the  present  continents 
above  tlie  surrounding  waters  may  perhaps  be  due  to  the  erup- 
tion of  the  quartzose  porphyry,  which  overthrew  with  violence 
the  first  great  terrestrial  flora,  the  material  of  onr  coal-beds. 
The  level  portion  of  our  contioents,  to  which  we  give  the 
name  of  plains,  are  the  broad  anmmit«  of  mountains,  of 
which  the  feet  are  at  the  bottom  of  the  ocean:  considered  in 
respect  to  submarine  depths,  these  plains  are  elevat«d  pla- 
teaus, of  which  the  original  inequalities  have  been  partially 
filled  up  by  horizontal  layers  of  later  sedimentary  deposits, 
and  covered  over  with  alluvium. 

Amongst  the  leading  considerations  in  this  part  of  t'le 
general  contemplation  of  nature,  we  must  regard,  first,  the 
quantity  of  land  raised  above  the  water ;  next  the  configu- 
'  ration  of  each  great  continental  mass  in  horizontal  extension 
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aiid  vertical  elevatibn.    We  then  come  to  the  two  coverings 
or  envelopes  of  our  planet,  of  which  one,  cumpoaed  of 
elastic  fluids,  the  atmosphere,  is  general ;  and  the  other,  the 
sea,  is  local,  or  restricted  to  ^ortLons  of  the  earth's  sur- 
face.    These  two  envelopes,  air  and  sea,  constitute  a  natural 
"whole,  materiallj  affecting  the  distribution  of  the  vsrioua 
climates  ot  tlie  surface  of  the  glob^  according  to  the  relative 
extent  of  land  and  sea,  tiie  form  and  aspect  of  the  land,  and 
the  height  and  direction  of  the  mountain  chains.     Ittesults 
from  this  reciprocal  influence  of  the  atmosphere  the  sea 
find  the  land,  that  great  meteorological  phenomena  cannot 
be  well  studied  apart  &om  geological  considerations.     Me- 
'  teorology,  as  well  as  the  geography  of  plants  and  of  animals, 
have  only  begun  to  make  real  prc^ess,  since  the  mutual 
connection  and  d^iendence  of  tlie  phsenomena  to  be  investi- 
gated have  been  recognised.     It  is  true  that  the  word  cli- 
mate has  especial  reference  to  the  condition  of  the  atmo- 
sphere }  but  this  condition  ia  itself  subjected  to  the  doable' 
influence  of  the  ocean,  whose  E^tated  waters  are  traversed 
by  currents  differing  gre^y  in  temperature,  and  of  the  dry 
land,  which  radiates  heat  with  very  different  d^rees  of  in- 
tensity, according  to  its  varying  characters  of  form,  eleva- 
tdon,  and  colour,  and  whether  hare  or  clothed  with  forests^ 
or  with  grasses  or  other  low  growing  planto. 

In  the  present  state  of  our  knowledge,  the  superficial  ex- 
tent of  dry  land  compared  to  that  of  the  liquid  element,  is 
as  1 : 2-8;  or,  according  to  Kigaud,  as  100  :  270.  {^^)  The 
islandl  form  scarcely  one-twenty-third  part  of  the  continental 
masses,  which  are  so  unequally  distributed,  that  the  northern 
hemisphere  contains  three  times  as  much  land  as  the  southern, 
which  is  pre-eminently  oceanic.     From  40°  SonQi  latitude 
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to  the  Antarctic  Pole,  its  aniface  ia  principally  covered  with 
water.  The  liquid  element  predominates  equally  in  the 
space  comprised  between  the  eastern  shores  of  the  old,  and 
ttie  westoTi  shores  of  the  new  continent,  where  it  ia  only 
intermpted  by  a  few  widely-acattered  groapa  of  isl&nda.  The 
learned  hydrogr^her  Memieu  has  very  justly  given  to  this 
great  basin,  which,  under  the  tropics,  estenda  over  145 
de^ees  of  lon^tude,  the  name  <rf  "  the  threat  Ocean,"  to 
distingnish  it  firom  all  otlier  se&8.  The  aonthem  hemisphen^ 
and  the  western  (&am  the  meridian  of  Teneriffe),  are 
tiierefore  the  most  oceanic  portions  of  the  globe.  I 

Such  are  the  leading  points  in  €ha  comparison  of  the  re-    j 
Ifltive  areas  of  land  and  sea, — a  relation  which  ei^xnses  a 
powerfnl  infiaence  on  the  distribution  of  temperature,  the     | 
variations  of  atmospheric  pressure,  the  direction  of  the  winds,     j 
and  the  hygrometric  state  of  the  air  which  materially  in- 
fluences the  development  of  vegetation.     When  we  consider 
that  nearly  three-fonrths  of  the  entire  surface  of  the  globe 
are  covered  by  water,  {^^)  we  shall  be  less  snrpriaed  at  tlie 
Imperfect  state  of  meteorology  before  the  commencement  of 
the  present  century ;  but  since  that  epoch  a  considerable 
mass  of  exact  observations  on  the  temperature  of  the  sea 
in  difTexent  latitudes   and  at  different  leasona  has  been 
obtained,  and  numerically  compaied. 

The  philosophers  of  ancient  Greece  indulged  in  genaul 
■peculations  with  regard  to  the  horizontat  configuration  of 
the  dry  land ;  they  discussed  its  greatest  extent  froih  east 
to  west,  which,  according  to  the  testimony  of  Agathemem^ 
was  placed  byDicearchus  in  the  latitude  of  fihodee,  and  in  the 
direction  of  a  linepasing  &om  tiie  FillEvsof  HfflfwJW  to  Thine. 
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lida  line  has  been  termed  the  "  parnllel  of  the  diaphrngm  of 
T)icearchus ;"  and  the  exactness  of  its  geographical  position, 
-vbich  I  have  made  the  subject  of  discnasion  in  another  work, 
may  well  excite  oar  astonishmeitt.  {'^'')  .  Strabo,  guided  no 
doubt  bj  the  views  of  Eratosthenes,  t^peara  to  have  been  so 
fully  peraoaded  that  the  36th  parallel  of  latitude,  aa  the  line 
of  greatest  extent  of  the  then  known  world,  had  some  inti- 
mate connection  with  the  form  of  the  earth,  that  he  places 
under  it,  between  Ibeiia  and  the  coast  of  Thine,  the  land  of 
which  he  divined  the  existence,  (^^) 

We  have  noticed  the  great  inequality  in  the  extent  of 

dry  land  in  the  two  hemispheres,  whether  we  divide  the 

sphere  at  the  Equator  or  at  the  Meridian  of  Xeneriffe; 

the  two  great  insolar  masses,   or  continents,  eastern  and 

weatem,  old  and  new,  present  also  some  striking  contrasts, 

and  at  the  same  time  some  analogies,  deserving  of  notice. 

Theai  major  axes  are  in  opposite  directions;  the  eastern, 

or  old,  contm^t,   extending,   in  its  greatest  dimension, 

from  east  to  west,  or  more  precisely  from  north-east  to 

Boiith-west;   whilst  the  western    continent  extends  from 

north  to  south,  or  more  exactly  from  N.N.W.  to  9.8.E. 

On  the  other  hand,  both  continents  are  terminated  towards 

the  north  by   a    hne    coinciding   newly  with  the   70tii 

parallel;  and  to  the  sou^  th^  both  run  into  pyramidal 

points,   having  suhmarine  prolongations   which  are  indi- 

catfld  by  islands  and  shoaU :  such  are,  the  Aichipel^  of 

Tierra  del  Fn£^,  the  L^piUas  bank  south  of  the  Gape  of 

Good  Hope,  and  Tan  I>iemen  Island,  separated  &om  Kew 

Hdland  by  Boss's  Stiaits.     The  northern  part  of  Asia 

passes  beyond  the  ahove-mentimed  (70th)  parallel  towards 

Cape  Taimura  {78*'  16'  according  to  Krusenstem),  and 

Ms  short  of  it  from  the  month  of  ^le  lai^er  Tschukotschia 
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river  to  Behring's  Straits,  where  the  eastern  estremif^  ot 
Asia  (Cook's  East  Cape)  is,  according  to  Beechey,  in 
66°  3'  N.  lat.  (33S)  The  northern  shore  of  the  new  continent 
follows  the  70th  garallei  with  tolerable  exactness,  for  the 
lands  to  the  north  and  aonth  of  Barrow's  Straits  are  detached 
islands. 

The  pyramidal  form  of  all  the  southern  terminationa  of 
continents  belong<to  those  "  similitudines  phpicte  in  con- 
figuratione  mundi/'  to  which  Bacon  called  attention  in  the 
NovTun  Organiun,  and  with  which  Keinhold  Porster,  one  of 
the  companions  of  Cook  on  his  second  voyage  of  circam- 
navigation,  connected  some  ingenious  considerations.  Direct- 
ing our  attention  eastward  from  the  meridian  of  Teneriffa. 
we  perceive  that  the  terminations  of  the  three  continent^ 
i.  e.  the  southern  extremities  of  Africa,  Aostralia,  and 
America,  successively  approach  nearer  to  the  South  Pole. 
![few  Zealand,  which  is  fully  twelve  degrees  of  latitude  in 
length,  seems  to  form  a  regular  intermediate  member  between 
Australia  and  South  America ;  its  southern  termination  is 
likewise  marked  by  an  island.  New  Leinster.  We  may 
notice,  further,  as  a  remarkable  circumstance,  that  the 
projecting  points  of  the  old  continent,  both  to  the  north  and 
to  the  south,  are  nearly  under  the  same  meridian ;  thus  the 
Cape  of  Good  Hope  and  the  LaguUas  bank  are  situated  nearly 
in  the  same  meridian  as  the  north  cape  of  Europe;  and  tlie 
peninsula  of  Malacca  nearly  in  that  of  Cape  Taimura.  C*") 
We  know  not  whether  the  two  polea  of  the  Earth^  are  sur- 
rounded by  land,  or  by  an  ice-covered  sea;  towards  the 
North  Pole,  the  parallel  of  82°  55'  has  been  reached,  and 
towards  the  South  Pole,  tliat  of  78°  10'. 

The  pyramidal  terminations  of  the  great  continents  are 
frequently  repeated  on  a  smaUer  scale,  not  only  in  the  Lidim 


ocean,  in  the  peninrolas  of  Arabia,  Eindoston,  and  Makcca, 
but  also  ia  the  Mediterranean,  where  Eratoathenea  and 
I*olybius  had  compared  in  this  respect  the  Iberian^ 
Italic,  and  Hellenic  Peninsulas.  (**•)  Eniope  itself,  having 
an  extent  of  aniface  eqnallijig  only  one-fifth  p»i  of  that  of 
Asia,  may  be  considered  as  the  western  peninsula  of  the 
compact  mass  of  the  Asiatic  continent,  to  which  it  bears,  in 
point  of  climate,  a  relation  somewhat  similar  to  that  of 
the  peninsula  of  Brittany  to  the  rest  of  France.  ("')  The 
favomabie  influence  of  the  articulated  and  varied  form  of  a 
continent  on  the  civilization  and  intellectual  cultivation  of 
its  inhabitants  was  recognised  by  Strabo,  (^")  who  extolled 
as  a  special  advantage  the  richly  varied  form  of  our  little 
Europe.  Africa  ('**)  and  South  America,  which  also  offer 
many  other 'features  of  analogy  in  their  configuration,  ate  the 
two  continents  which  liave  the  simplest  and  least  indented 
outlines,  while  the  eastern  side  of  Asia,  as  if  it  were  rent  by 
the  force  of  the  currents  of  the  ocean,  (^*)  (fractas  ex 
,aeqnore  terras),  presents  a  richly  varied  coast  line  j  peninsolas 
,and  islands  alternate  along  ite  shores,  from  the  equator  to 
.60°  N.  latitude. 

Our  Atlantic  Ocean  presents  the  characteristics  of  a  valley. 
It  is  as  if  the  flow  of  the  waters  had  been  directed  first 
towards  the  north-east,  then  towards  the  north-west,  and 
.then  again  towards  the  north-east.  The  parallelism  of 
•  the  coasts  north  of  10°  of  South  latitude,  the  projecting  and 
re-entering  angles,  the  convexity  of  Brazil  opposite  to  the 
Gulf  of  Guinea,  and  the  convexity  of  Africa  to  the  Gulf  of 
Meitico,  all  favour  this  view,  which  at  first  may  seem  too 
hazardous.  {^^)  In  the  Athmtic  Valley,  as  ia  indeed  usually 
.  the  case  in  the  form  of  laige  masses  of  Ispd,  coasts  deeply 
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indented  and  fringed  with  m&ny  islands  are  placed  opposiii 
to  those  of  a  contrary  character.  It  is  long  since  I  called 
attention  to  the  geognostical  interest  of  the  comparison  of  the 
west  coasts  of  Africa  and  of  South  America.  Witlun  the 
tropics,  the  deeply  re-entering  carve  of  the  African  coast 
hear  Fernando  Fo  (i'^i-N.  lat.),  is  repeated  on  the  shores  id 
the  Pacific  (in  18°J  S.  lat.),  where,  between  the  Valle  de 
Aiica  and  the  Morro  of  Juan  Diaz,  the  Peruvian  coast  sud- 
denly altera  the  direction  from  south  to  north  which  it  had 
previously  followed,  and  tnms  to  the  north-west.  "niis 
change  of  direction  in  the  coast  of  Peru  is  participated  in 
by  the  chain  of  the  Andes  j  (^')  and  not  only  by  the  matitimB 
branch  of  the  two  parallel  ranges  into  which  the  mountains 
are  there  divideil,  but  also  by  the  eastern  Cordillera,  in  whiclk 
civihsation  bad  its  earliest  seat  in  the  South  American 
highlands,  and  where  the  small  alpine  lake  of  Titiaca  lies  at 
the  foot  of  the  giant  mountains  of  Sorata  and  TnimaTii', 
Farther  to  the  south,  fiwm  Valdivia  and  Chiloe  in  40°  ajii 
42"  8,  lat.,  through  the  Archipelago  of  losChonos,  to  Tierra 
del  Fuego,  we  find  the  same  peculiar  "fiord"  character, 
which  distinguishes  the  west  coasts  of  Norway  and 
Scotland. 

Such  are  the  most  general  consideiations  respecting  the 
form  of  continents  in  the  horizontal  direction,  which  an 
examination  of  the  present  surisce  of  our  planet  sn^esb. 
We  have  brought  facts  together,  so  as  to  call  attention  fo 
certain  analogies  of  form  in  regions  remote  from  each  other, 
without,  however,  venturing  to  give  to  these  analogies  the 
title  of  laws.  When  an  observer  at  the  foot  of  an  active 
volcaEo,  Yesuvius  for  example,  notices  the  not  unfrequent 
phenomenon  of  partial  elevations,  in  which]  previously  to,  oj 


daring  the  occuneuce  of  an  ernption,  small  portdons  of 

ground  have  their  level  permanently  altered  several  feet,  and 

•re  converted  into  shelving  or  flattened  eminences,  he  pet- 

cedves  how  greatly  small  accidents  variationa  in  the  intensity 

of  tlie  subtoranean  force,  and  in  the  resistance  vhich  it  ha? 

to  overcome,  must  modify  the  form  and  direction  taken  l^ 

the  iqtheaved  partides.     In  like  maimer  slight  disturbances 

in  the  eqnilibriam  of  fhe  elastic  forces  in  ttie  interior  of  o\a 

planet  maj  have  determined  tiieir  action  more  towards  the 

northern  than  the  southern  hemisphere,  and  have  occasioned 

the  elevation  of  the  dry  land  in  the  eastern  hemisphere  in  the 

form  of  a  vide  connected  mass,  having  its  major  axis  almost 

parallel  to  the  equator, — and  in  the  western  and  more  oceanic 

hemisphere,  in  a  comparatiTelr  narrow  band,  following  thb 

directioQ  of  the  meridian. 

But  little  can  be  ascertained  by  investigation  respecting 
the  causal  connection  of  the  great  phfenomena  appertaining 
to  the  formation  of  our  continents,  and  to  the  analogies  and 
contrasts  presented  by  their  configuration.  "We  know  that 
a  subterranean  force  was  the  agent;  that  the  continents 
were  not  suddenly  formed  in  tiieir  present  shape,  but  that 
they  gradually  acquired  it  by  progressive  enlargement,  or  by 
the  junction  of  smaller  masses,  efl'ected  by  a  series  of 
successive  elevations  and  depressions,  conunencing  with  the 
eiluiian  epoch,  and  continuing  to  the  tertiary.  The  present 
form  has  been  produced  by  two  causes  which  have  acted  in 
succession  the  one  after  the  other :  the  first  is  a  subterranean 
reaction,  of  which  the  measure  and  direction  are  nnknown  to 
us ;  the  second  comprises  all  the  causes  acting  at  the  sui&ce, 
as  yolcBuic  eruptions,  earthquakes,  elevations  of  mountain 
chains,  and  oceanic  currents.  How  different  would  have 
been  the  present  state  of  tempeiaturej  of  vegetation,  cf  b^* 
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culture,  imd  even  of  haman  society,  if  the  msjot  axes  <^tlB 
old  and  new  contineiits  had  been  given  the  same  direction} 
if  the  chain  of  the  Andes,  instead  of  followiDg  a  meridiaii, 
,  had  been  directed  bom  east  to  west ;  if  no  heat-radiatii^ 
mass  of  tropical  land  extended  Ut  the  South  of  Europe ;  orif 
the  Mediterranean,  which  was  once  in  conuection  boUi  vitit 
the  Caspian  and  Bed  Sea,  and  which  has  so  powerfnllj 
favoured  the  social  establishment  of  nations,  were  not  ii 
existence :  that  is  to  say,  if  its  bed  had  been  raised  te 
the  level  of  the  plains  of  Lombardy  and  of  the  andeot 
Cyrene. 

The  changes  in  the  relative  heights  o!  the  solid  and  liquid 
portions  of  the  surface,  which  have  determined  the  emendoD 
or  submeision  of  the  lower  lands  and  the  present  outlines  of 
continents,  must  be  referred  to   various  causes  acting  at 
different  times.      The  most  powerful  among  these  have 
no  doubt  been,  elastic  forces  acting  in  the  interior  of  the 
earth;   sudden   changes    of    temperature    aEFectiug    great 
^masses  of  rock ;  (^^}  the  unequal  secular  loss  of  heat  in  the 
terrestrial  crust  and  in  the  nucleus,  causing  ridges  and  con- 
tortions in  the  solid  crust ;  and  local  modifications  of  gravi* 
.tation,{^3)  with  consequent  changes  of  curvature  in  tie 
surface  of  equilibrium  of  certain  portions  of  the  liquid  ele- 
ment.    According  to  the  opinion  generally  received  among 
the  geologists  of  the  present  day,  the  elevation  of  conti* 
nents  above  the  sea  is  a  real,  and  not  merely  an  apparent  or 
relative  elevation,  such  as  would  be  occasioned  by  a  3e- 
pression  of  the  general  level  of  the  sea.     The  merit  of 
this  view,  which  has  been  derived  from  long  observation 
of  connected  facts,  and  from  the  analogy  of  important     , 
volcanic  phsenomena,  belongs  to  Leopold  von  Buch,  who 
adv&nped  it  for  the  first  time  in  the  narrative  of  hia  menioi 
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Table  journey  throagh  Notwaj  and  Sweden,  in  1806  and 

1807.  (350)     While  the  whole  coast  of  Sweden  and  IW 

land,   from  ScEivitaborg  at  the  limit  of  Northern  Scania. 

to   Tomeo,  and  from  Tomeo  to  Abo,  ia   nnde^oing  a 

gradual  rise  amounting  to  four  French  feet  in  a  century, 

the  southern  part  of  Sweden,  according  to  Milsson,  is  being 

depressed.  C^^)    The  elevating  force  appears  to  attain  its 

maxiuiam  in  the  north  of  Lspland,  and  to  diminish  gradn- 

ally  southwards  towards  Calmar  and   Siclvitaborg.     Lines 

marking  the  ancient  level  of  the  sea,  in  pre-hiatoric  times, 

may  be  traced  thronghont  Norway,  (***)  &om  Cape  Lindes- 

nses    to    the    North  Cape,  by  banks  of  ahelis  identiccd 

with   those  of  the  present  sea ;    these  lines  have  been 

recently  examined  and  measured  with  great  exactness  by 

Dravais,  during  his  long  winter  sojourn  at  Bosekop.    The 

banks  rise  as  high  as  600  (640  English)  feet  above  the 

present  level  of  the  sea,  and  reappear,  according  to  Keilhan, 

ond  Eugene  Robert,  on  the  coast  of  ^itzbergen,  opposite  to 

the  North  Cape,  in  a  N.N.W.  direction.       Leopold  von   " 

Bnch,  who  was  the  first  to  call  attention  to  the  high 

bank   of    ehells  at    Tromsoe   {lat.  69"  40'),  has  shewn, 

that  the  more   ancient  elevations  of  the  shores    washed 

by  the  North  Sea  belong  to  a  series  of  phenomena  wholly 

different  from  the   penfle  and   gradual  elevation  of   the 

Swedish  coast  in  the  Gnlf  of  Bothnia.    Nor  mnst  this  latter 

phajnomenon,  which  has  been  estabhshed  by  sure  historical 

evidence,  be  confoniidcd  with  changes  of  level  caused  by 

earthqiiBkes,  as  on  the  coasts  of  Chili  and  of  Cutch :    it  has 

recently  led  to  similar  observations  in  other  countries,  and 

instsneeshave  been  found,  in  which  a  sensible  fubsi^cnee  in 

one  port  takes  piuee,  corresponding  to  an  elpvatitm  else- 
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where;  tliis  haa  been  obeetred  in  West  CrieeidAiid  (by 
Pingel  aad  Gtash)j  is  Soania,  and  in  Dalmatia, 

Ab  it  appeals  mora  iban  probable  that,  in  the  eiaSm 
periods  of  OUT  planet,  the  elorations  aod  depressions  of  it* 
snrface  were  much  more  ocmadenUe  than  at  present,  we 
oaght  not  to  be  surprised  at  fndii^  men  in  tlie  int^^ior  of 
continents,  poitiona  (d  the  aiu&oe  de|weaaed  below  tix 
general  level  of  tiie  present  sea;  as  the  small  natron  lakes 
described  b;  General  Andreosay,  the  small  bitter  lakes  of 
theisthmos  of  Suez,  theCaspianSea,  thelakeor  eeat^'i^be- 
rias,  and  above  all,  the  Dead  Sea.  (»")  lie  levels  of  the 
two  last-named  seas  an  respectively  625  (666  English)  and 
1230  (131 1  English)  feet  below  the  levd  of  the  Mediter- 
Tanean.  If  we  could  remove  the  alluvial  soil  which  so  fre- 
quently covers  the  rocky  strata  in  the  level  portions  of  the  sor- 
foce  of  the  earth,  we  should  discover  how  many  parts  of  the 
denuded  (^ost  are  below  the  present  level  of  the  sea.  Hie 
periodical,  bat  iir^ularly  reouiring,  rise  and  fall  of  Hu 
Caspian,  of  which  I  observed  distinctly  marked  traces  in  the 
northern  portion  of  the  basiD  of  that  sea,  (>»*)  and  the  obaer- 
vations  of  Darwin  in  the  Coral  Sea,  (^)  appear  to  indicate 
that,  withoat  earthquakes  prop^y  so  called,  the  surbce  of  tiie 
earth  still  undeigora  in  some  places  slow  and  contiaoed 
oscillations,  similar  to  those  wliich,  in  earlier  times,  most 
have  been  of  very  general  oocurrence  in  the  then  thinua 
sohd  crust. 

The  phfenomena  to  which  we  are  now  directing  our  atten- 
tion remind  us  of  the  instability  of  the  present  order  of 
things,  of  the  changes  to  which  the  outline  and  fonn  of 
continents  are  probably  still  subject  in  long  intervals  of 
time.     These  variations,  though  hardly  eenafale  from  one 
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generation  to  the  next,  accamnlftta  and  become  bo  in  pe- 
riods similar  iu  duration  to  tlioee  of  tbe  remoter  hearenlj 
bodies.     The  earton  coast  of  the  Scandinavian  peninsola 
may  have  risen  abcnt  S20'  French  fed  in  8000  jesie ;  in 
12000  years,  if  the  present  rate  rf  movement  were  unifoimly 
continued,  the  parte  of  die  bed  of  the  sea  neueat  to  the 
shore,  now  covered  with  45  bthoms  <^  water,  would  b^n  to 
emei^.  SuchintnrralBoftime,howeveT,BreBhoit,whencom- 
pared  wiib  the  length  of  the  geological  periods  disclosed  to 
US  by  the  seriee  of  snp^posed  formations,  and  bj  tiie  loc- 
cessive  groups  of  extinct  o^anic  forms.     We  have  hitherto 
considered  onHj  the  phenomena  of  deration ;  hut  the  analogy 
of  observed  &cte  will  justify  na  in  assuming  the  eqn^  poad- 
bility  of  the  depression  of  lai^  traota  of  conntrj :  the  mean 
height  of  the  parts  d  France  which  are  not  mountainous  ia 
less  than  480  (512  En^ish)  feet:  geological  changes,  of 
modmite  timonnt  compared  with  those  which  took  place  in 
the  earlier  periods  of  the  globe,  would  therefore  be  sufS- 
dent  to  effeot  the  pvBianeDt  submersion  of  large  portions 
of  north-western  Europe,   and  Tould  alter  materially  its 
general  configuration. 

All  variatiffliB  in  &s  form  of  continents  are  produced  either 
by  the  ^evation  or  tiie  dqmssion  of  tiie  land  or  sea,  and 
these  are  complementvy  phtenomena,  since  Ae  real  elevation 
of  the  one  element  produces  the  appearance  of  a  deptession 
in  the  other.  In  a  general  contemplation  of  nature  such  as 
is  here  presented,  we  should  not  overlook  the  possibility  at 
least  of  a  real  depression  of  the  general  levd  of  the  ocean, 
or  a  diminution  of  the  qoaiititj  of  its  waters,  ^o  one  ia 
the  present  day  can  doubt  that,  at  the  periods  when  the 
surface  of  the  earth  possessed  a  higher  temperature, — when 
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wide  fismres,  capable  of  receiving  large  mnsaea  of  water,  mre 
frequeirt^ — and  when  the  coiistitutioQ  of  the  atmosphere  dif> 
fered  muteriftlly  from  what  it  now  ia, — great  changes  of  tile 
oceanic  level  may  have  taken  place  from  variations  in  the 
ectual  quantity  of  wat6r :  but  in  the  present  state  of  our 
planet,  there  is  no  direct  evidence  whatsoever  of  a  progres- 
sive augmentation  or  diminution  of  the  waters  of  the  sea ;  mh 
is  there  any  evidence  of  a  pn^ressive  change  in  the  mean 
height  of  the  barometer  at  the  level  of  the  sea.  According 
U>  Daussyand  Antonio  NobUe's  experimental  investigations, 
an  increase  in  the  mean  height  of  the  barometer  would 
itself  occasion  a  depression  of  the  level  of  the  sea.  As,  how- 
ever, the  mean  pressure  of  the  fttmosphere  is  not  the  same  in 
all  latitudes,  owing  to  meteorolc^cal  causes,  sueh  as  the  geme- 
ra!  direction  of  the  wind  and  the  hygrometric  state  of  lie  air, 
t  be  barometer  alone  would  not  afford  certain  evidence  of  vam- 
tions  in  the  general  level  of  the  ocean.  The  remarkable  fact, 
that  several  of  the  ports  of  the  Mediterranean  w^e  repeatedjy 
left  dry  &>r  several  hours  about  the  commencement  of  the  pre- 
sent century,  appeals  to  shew  that,  without  any  actual  dunino- 
tion  of  the  general  mass  of  wat«r,  ot  any  general  d^ession  <rf 
the  oceanic  surfiwe,  changes  in  the  direction  «id  strength  of 
cunents  may  occasion  a  local  retreat  of  the  sea,  and  poasibly 
a  permanent  emersion  of  a  small  portion  of  coast ;  bnt  we 
cannot  be  too  cautions  in  the  interpretation  of  oar  verf 
recently  acquired  knowledge  of  these  complicated  phsenomena, 
leat  we  should  be  led  to  attribute  to  one  of  the  old  "  four 
dements,"  water,  that  which  really  belonga  to  two  others 
viz.  the  air  and  the  earth. 

As  the  external  form  of  continents,  in  the  varied  anrl  rleeply- 
indented  outline  of  their  coasts,  exercises  a  beiielicial  inllo- 
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moe  on  cHmate,  fmde,  and  the  progress  of  civilisation,  so  also, 
HI  t,tie  interior,  the  variatdojiB  of  form  in  the  vertical  dii«ction, 
by  znoimtaioB,  hilli,  valleys,  and  elev&ted  plains,  have  conse- 
quinces  no  less  importaat.      Whatever  causes  diversity  of 
forxn  or  feature  on  the  surface  of  our  plnnet, — ^mountains, 
g;reBJb  lakes,  graaBy  ateppefl,  and  even  deserts  sumnmded  by 
a  <K>ast-Iike  margin  of  forest,— impresses  some  peculiar  mark 
or  character  on  the  social  state  of  its  inh^itanta.    Continnous 
Tidges  of  lo%  monntAins  covered  with  snow  impede  iater- 
cooree  and  traffic ;  bnt  whore  lowlands  are  interspersed  with 
disGonUnnous  chains,  and  with  groups  of  more  moderate  deva* 
taon,  (^^)  such  as  are  hq>pily  pieaented  by  the  south-west  of 
Sorope,  meteorological  prooeases  and  vegetable  products  aie 
miiltipiied  and  varied ;  and  different  kinds  of  cultivation,  even 
nnd^  the  same  latitude,  give  rise  to  different  wants,  which 
stimulate  both  the  in^istiy  and  the  intercourse  of  the  inhabi- 
timts.  Thus  those  formidable  teirestrial  revolutions,  in  which, 
\^  the  reaction  of  sobt^raneaii  forces,  portions  of  the  oxidized 
crust  of  the  globe  were  upheaved,  and  loftf  mountain  chains 
were  suddenly  formed,  have  served,  when  repose  was  le-esta- 
blished  and  oi^anic  hfe  le-awakened,  to  furnish  a  more  bean- 
tiful  and  richer  variety  of  individnat  forms,  tmd  to  rescue  the 
greater  part  of  the  dry  land  in  both  honispheres  6om  a 
dreary  uniformity,  which  tcmda  to  impoverish  both  the  phy- 
sical and  the  intellectual  powers  of  man. 

"Qie  great  views  of  £lie  de  Beaumont  assign  a  relative  age 
to  each  system  of  moimtains,  on  the  principle  ihat  their  eleva- 
tkm  naust  necessarily  have  intervened  between  two  periods; — 
between  the  deposition  of  the  strata  which  have  been  npheaved 
and inchoed,  andof  Uioae  wUdi  extend  in  tmdisturbed  haii* 

Coogh 
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sontafit^totbebase  of  the  monntBiiu,  andwhieliinnattim- 
fore  have  been  deposited  flnbseqaently  to  Hie  stntts  whiA 
are  isclioed.  ("')  The  ridgea  of  the  croBt  of  the  eaA, 
vMcb  sie  of  the  eame  geological  age,  appea  to  follow  &  ce^ 
mon  direction.  The  line  cfstnke  of  Uie  uplifted  slxata  is  out 
always  paralld  to  the  aiia  of  tlie  chain,  but  scwuitiznea  iidff- 
eecta  it  j  whence  I  am  led  to  infcx,  (^  &at  tlie  pfaaw- 
menon  of  the  inclining  of  thfe  stnta,  n  of  tlie  distiurbanee  li 
their  horiKontalily  (which  acnietimes  exbesilB  to  the  adjteeot 
plain),  must,  in  snoh  oaseSj  be  iddei  than  titedevataon  of  tba  I 
monntoinB.  The  general  direction  of  the  land  of  the  European 
ooolinwt  is  from  sonth-west  to  north-east,  sai  ia  at  a^  \ 
anglee  to  the  direction  of  Ha  great  fiBaoiee,  whidi  ia  from 
nortii-weBt  to  sonth-east,  extending  from  the  months  of  At 
Sliiue  and  the  Elbe  through  the  Adriatac  and  Bed  Beat, 
uid  the  mountain  system  (tf  Fuscfaii-koh  in  Lonrtstaa,  and 
terminating  in  the  Persian  Gulf  and  Indian  Ocean.  lUi 
tectangnlar  intersection  of  tlie  continent,  in  the  direotion  (tf 
its  principal  extent,  has  powerfully  influenced  the  cammw- 
dal  rdations  of  Europe  with  Asia  raid  the  north  of  Aftie% 
at  well  as  the  progress  of  civilization  on  the  fommly  more 
floariahing  shores  of  the  Meditensnesn.  ('^>) 

The  mote  tiie  imagin^on  and  the  intellect  are  imprened 
by  lofty  and  maaeive  mountain  chains,  from  the  evidences 
they  afford  of  great  tonestrial  revidntions, — as  the  bonndanes 
of  different  elates, — as  the  lines  of  sepanttion  from  whence 
tlte  waters  flow  to  opposite  regions, — and  as  the  sites  et  a 
pecnlitv  vegetation, — the  more  necessary  is  a  correct  nuMri- 
caleatimation  of  their  volimie,'in  order  to  show  Uie  amelfaiM 
flf  ^}^fjr  nww  whwi  <ionipiffw^  itt^ii'i'f  ***  *h"^-  "^  this  "'"*jw"*'i'i  tt 
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to  thttt  of  die  MtJMcnt  ooiiatrin.    Let  iu  take,  for  exuaplt^ 

klie  (^lain  of  the  I^renees,  in  which  both  the  mean  el&- 

vatJon    and  the  area   covered  have  heen  measured  witii 

gzeat  exactnesa,  and  if  we  Buppose  the  whole  mass  of  these 

monntwns  to  be  spread  equably  ma  france^  we  &ad  thai  it« 

suz&ce  wonld  be  only  raised  thereby  lOS  (115  English) 

feci.     la  like  nuxner,  if  the  niaUnal  which  forms  the  chain 

of  the  Alps  wese  spread  eqoab^  over  the  whole  surface  of 

!Eiin>pe,  it  wonld  not  raise  it  more  than  20  (21.S  English) 

feet.     I  have  foand  by  a  laborioos  investigation,  which  from 

its  satme  can  only  give  a  maxinnim  limit,  that  the  cent«r 

of  gravity  of  the  land  at  present  above  the  sur&tce  of  the 

ocean  is,  in  Europe  QiJO,  in  North  America  702,  in  Aaia 

1062,  and  in  South  America  1080  French  ieet  (or  671,  718, 

1132,  and  1151  English  feet)  above  tiie  level  of  tlie  sea.  (^) 

Diese  results  shew  that  the   more  northern  regions  are 

comparatively  of  lower  altitude.     In  Asia,  the  low  de- 

vation  of  the  extouiTe  fiaixvt,  or  steppe^  of  Siberia,  ia 

compensated  by  the  mountain  msfisea  between  the  parallelB 

of  284"  and  40°,  ftxtm  the  Himalaya  to  the  Ku(m-lun  <^ 

MOTthem  l^bet,  and  to  the  Tian-Hohian  oi  celestial  moan- 

t«]na.    We  may  in  some  d^ree  form  an  idee,  £tom  these 

oalcnlationB,  in  what  portions  of  the  suifaoe  of  lbs  globe  the 

aetum  of  the  auhteiTaiieaii  plutonic  forces,  as  exhibited  in  the 

upheaval  of  coadnental  massea,  baa  been  most  intense. 

There  b  no  sufficient  reason  why  we  shonld  assume  that 
ths  subterranean  forces  may  not^  in  ages  to  otHne,  add  new 
Qitenu  of  moontaina  to  Uiose  which  already  eiist,  and  of  which 
EUe  de  Beamooat  has  studied  the  directions  and  relative 
^Dotv.    Wky  fhoold  we  anppoee  the  ornst  of  the  airth  to 

,  ,- Coogh 
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be  no  longCT  subject  to  the  agency  whfcli  has  formed  tfe 
ridges  now  perceived  on  it«  surface  ?      Since    Mont  BUne, 
itnd  Monte  Sosa,  Sorata,  lUimani,   and   ChimfaoFszo, 
colossal  snmmibi  of  the  Alps  and  the  Andes,  are  considered 
to  be  amongst  the  most  recrait  elevations,  we  are  hy  no  i 
at  liberty  to    assume    that    tiie   upheaving   forces   han 
been  subject  to  progressive  diminution.     On  the  contmj,  I 
all  geological  phtenomena    indicate    alternate  periods   of  I 
activity  and  repose ;  (*•')  the  quiet  vMeh  we  now  ^c^  ia  I 
only  apparent;  the  tremblings  which  still  shake  the  snrfaca 
in  every  latitude,  and  in  every  species  of  n>ck, — the  pro- 
gressive elevation  of  Sweden,  and  the  appearance   of  new 
islands  of  eruption, — are  far  from  giving  us  reason  to  sup- 
pose that  QUI  planet  has  reached  a  poiod  of  entire  and  final 
lepoae. 

The  two  ambient  coverings  of  the  solid  surface  of  our 
plan^,  the  liquid  ocean  and  the  a^ial  atmosphere,  present, 
by  reason  of  the  mobility  of  their  particles,  many  analogies 
with  each  other  with  respect  to  enrrents  and  thermometiio 
relations ;  whilst,  at  the  same  time,  th^  also  offer  contrasts 
ttising  &om  the  great  difference  in  their  conditions  of 
aggregation  and  elasticity.  The  height  and  depth  of  both 
are  unknown :  soundings  of  27600  En^sh  feet  {or  above 
four  geographical  miles)  have  been  taken  without  finding 
ai^  sea  bottom ;  and  if  we  assume  with  WoUaston  that  the 
atmosphere  has  a  hmit  from  which  waves  reverberate,  tbs 
pheenomena  of  twihght  will  indicate  a  height  at  least  nine 
tunes  as  great.  The  aerial  ocean  reate  partly  on  the 
solid  eartji,  whoae  mountain  cbaina  and  high  table  landt 

__  [,a,wi  3,  Cookie 


Bui;  be  considered  to  represent  shoals;  nnd  pftrtly  on  the 
aea,  whose  surface  forms  a  liquid  base  or  floor  in  immediate 
contact  with  the  lower  and  denser  strata  of  humid  sir. 
'  Proceeding  both  upwards  and  downwards  bom  tiie 
oommon  limit  or  plane  of  contact  of  the  atmosphere  and  the 
ocean,  we  £jid  the  strata  of  air  and  of  water  subject  to 
definite  laws  of  decreasing  temperature.  The  decrease  is 
much  more  rapid  in  the  ocean  than  in  the  atmosphere ;  the 
Bsa  has,  in  all  ztmes,  a  tendency  to  keep  up  the  temperature 
of  its  supetfici^  strata  \tj  the  sinking  of  the  cooled  particles 
which  are  the  heaviest.  It  has  been  found,  by  an  extensive 
-  series  of  careful  observations,  that  the  surbce  temperature 
of  tbe  ocean,  throughout  a  band  extending  forty-eight  degrees 
on  either  side  the  equator,  is,  in  its  usual  and  mean  condition, 
iomewhat  warmer  than  the  adjacent  strata  of  the  air.  {'*")  By 
season,  of  the  diminishing  temperature  at  increasing  depths, 
fish  and  other  inhabitants  of  the  sea,  whose  organs  are  fitted 
for  deep  wator,  may  find  even  waAex  the  tropics  the  low 
temperature  of  cooler  httitndes.  This  circum^tanoe,  which 
is  analogous  to  that  of  the  tempetale  and  even  cold  Aipint 
dim^  of  the  elevated  plains  of  the  torrid  zone,  has  an  im- 
portant influence  on  the  migrafaon  and  oa  the  geographical 
distribution  of  many  marine  animals.  The  dep&s  also  at 
which  fishes  live,  exercise,  by  reason  of  the  inoeased  pressure, 
-a  modi^ring  inflnence  on  their  cutaneons  respiration,  and  on 
'tile  quantity  of  osygen  and  nitrogen  contained  in  their 
^ndmming  bladders. 

1^  saline  |»rticlGs  of  sea  water  causing  it  to  attain  its 
maximum  of  density  at  a  lower  temperature  Hian  is  the  ease 
with  &esh  water,  we  comprehend  why  water  tsooght  Qp  from 
-oceanic  depths,  in  tlw  voyagea  .of  Kotzebue  aoA  Supctit 
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Tuonan,  ma  fonnd  at  tiie  temperatoie  of  S^.S  ftnd  2°  5  CfsA, 
(87"  and  36°.5  Jab.),  and  erea  lower.  The  almost  icy  ten- 
pwatnn  foniLd  at  great  sea  depths  within  tlie  tropica  first  led 
to  the  knowledge  of  a  eubmarine  polar  current  flowing  frixa 
other  pole  towards  the  eqnatw;  as  wi^nt  ttiis  corrent  die 
depUu  nt  the  tropical  seas  could  tmly  have  a  d^ree  of  cdd 
equal  to  the  lowest  temperature  of  their  aur&oe  wattt.  1^ 
apparent  ^omal^  offered  in  the  MediternmeaD,  whose  wsten 
an  found  at  a  higher  temperatiue  tiuB  is  mud  at  great 
^^ithfl,  has  been  explaiiud  I7  Ar^o,  and  results  from  the 
bot  that,  at  the  Stnutn  of  Oibraltnr,  wheie  like  sorbce  water 
of  the  Atlantic  flows  in  as  a  westerly  current,  a  counter  cturenk 
prevails  beneath,  and  prerents  the  influx  from  the  ocean  of 
tiie  cold  current  from  the  pole. 

The  Ocean  is  the  great  moderator  and  eqoaUzer  of  tei^ 
nstrial  climates ;  at  a  .distance  from  coasts,  and  wluare  its 
sur&ce  is  not  disturbed  hj  cuireBta  of  cooled  or  heated 
water,  it  maintains  tbroi^oat  tiie  tropin  (and  especially  is 
the  eqnshnial  region  from  10"  K.  to  10"  S.)  a  wondecfd 
nnifbrmitf  and  conatonoy  t4  traipetature  (*>>)  ova  spaoe*  <tf 
mai^  tiioufiaad  square  oiilea.  It  has,  Hierefare,  been  wcfl 
said,  C^)  that  an  exact  and  long-continued  i&reitigatioB  of 
ihe  thennie  telattons  of  tiie  feopic&l  seaa  might  i^ord,  in  tiw 
sfanpleflt  manner,  a  soIutioB  of  the  great  and  long^contestcd 
problem  of  the  invariability  of  dimatea  and  of  tile  t^npers- 
tore  (^the  globe.  Oreatehai^;eaof«^heat,ofconBiderabfe 
duratioBj  would  be  reflected  in  the  altered  mean  tempenton 
of  the  sea,  irith  even  greater  ceatein^  tiua  in  the  meaa 
I  temperatoie  ot  the  Und. 

Those  zones  m  which  the  waten  of  fhe  ooeBnattuKinihe 
(Hie  oaee  tiior  maximuB  (^  tonpaatuH^  aiod  in  tbe  oUiw  An 
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nriaxiinnm  of  density lesnltiiig  from  thdrnlmeconteata,  do  not 

coincide  with  each  other,  or  witii  the  geographical  equatoi. 

'X'iae  waters  of  highest  temperatnie  appear  to  fonn  two  faanda 

laxst  quite  paiallel,  one  on  cither  aide  of  the  eqastor.     Lenz, 

iia  his  voyage  of  ciTcamnavigation,  fonnd  in  ^  Pacific  the 

-urtftrimn  of  saltness  in  22°  'N.  and  is  17"  8.  lot.,  uid  be> 

'tween  them  a  minimum  zone  was  interposed  »  few  degree! 

■onth  of  the  equator.     Within  the  region   of  calms  the 

solar  heat  has  httle  effect  in  angm^iting  the  relative  propor* 

tdon  of  the  ealiiie  particles  by  the  process  of  evi^ratioQ, 

"becanse  the  stratum  of  air  ntnrated  with  aqueous  vapom 

'wrhich  rests  on  the  snr&ce  of  the  water  ii  rarely  disturbed 

hj  the  action  of  the  wind. 

The  surfaces  of  sH  connected  seas  must  be  regarded  as 
possessmg  a  general  eqnality  of  mean  level,  although  local 
causes  (such  as  prevailing  winds  or  currents)  ma;  produce  ' 
sm^  perfflaoent  difEerences  in  particular  seas  which  form 
deep  gulfe  or  inlete.  An  instance  of  this  occurs  in  the  Bed 
Sea,  whrae  level,  near  its  northern  exbremit)'  at  the  Isthmus  of 
Saez,i3,  at  different  boors  of  die  day,from  twenty-four  to  thirty 
French  feet  above  that  of  the  nfflghbonringport  of  the  Uedv 
terranean :  the  form  of  the  Straits  of  Bab-el-Maadeb,  whidi 
is  more  &vourable  to  the  ingress  of  the  waters  of  the  Indian 
ocean  than  to  their  egress,  being  probably  the  cause  of  tbii 
iwnarkable  &ct,  ^ich  was  not  unknown  to  the  andents-C*) 
The  excellent  geodesic  operations  lA  Corahcenf  and  Ddoroa 
have  Aewn  that  at  the  two  extremities  of  the  Pyrenean 
Chain,  as  well  as  at  MarseiUee  ud  the  northern  cowt  of 
HoUsmd,  there  is  no  saisible  difference  between  tiie  level  of 
tile  Atlantic  md  f^  the  Mediieoanean  Seaa.  (*m) 
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Disturbances  of  equilibrium,  and  consequent  movements 
^  the  waters,  are  of  three  kinds :  1st,  irregulai  and  transitorr, 
Occasioned  by  winds,  and  producing  waves  which  sometimes 
during  storms,  and  at  a  distance  from  coasts,  attain  a  height 
of  mote  than  37  English  feet ;  2d,  regular  and  periodic, 
dependent  on  the  position   and  attraction  of  the  Sun  and 
Moon ;  and,  Sd,  the  less  considerable  but  permanent  ptue- 
liomena  of  oceanic  currents.     The  tides  extend   over    aS 
Beas  (except  those  small  inland  seas  where  the  ebb   and 
flow  is  scarcely  if  at  all  perceptible) ;  they  have  received  a 
complete  e^lanaljon  by  the  Newtonian  doctrine,  and  have 
been  thus  brought  "  within  the  domain  of  necessary  facts." 
The  duration  of  each  of  these  periodical  osciUations  ot 
the  sea  is  rather  more  than  half  a  day;    their   height 
in  the  open  ocean  is  not  more  than  a  few  feet ;  but  when 
the  coniigurption  of  a  coast  opposes  the  progress  of  the 
wave,  they  may  reach  upwards  of  50  feet,  as  at  St.  Malo, 
or  even  of  70  feet,  as   in  the  Bay  of  Pandy.      The  great 
geometer,  Laplace,  has  shewn  that,  regarding  the  depth  of  the 
sea  as  inconsiderable  in  relation  to  the  semi-diameter  of  the 
earth,  the  stability  of  equilibrinm  of  the  ocean   requires 
that  the  density  of  its  fluid  mass  should  be  less  than  the 
mean  doisity  of  the  earth.     We  have  already  seen  that  the 
mean  density  of  the  earth  is  actually  five  times  that  of  water. 
Tides,  therefore,  caused  by  the  action  of  the  Sun  and  Moon 
can  never  overflow  the  elevated  portions  of  the  dry  land ;  nor 
can  they  have  transported  the  remains  of  marine  animals  to 
the  summits  of  the  mountains  where  they  are  now  found.  ("'^ 
It  is  no  small  testimony  of  the  valne  of  analysis,  sometinKs 
80  contemptuondy  r^arded  u  the  nsBdentifib -cdRdet  of 

,  ,- Coogh 
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civil  life,  tliat  hy  tiia  complete  theory  of  tides,  Laplace  has 
eT»!i'ole(I  OS  to  predict  in  our  astronomical  ephemerides  the 
lici^ht  of  spring  tides  at  the  period3  of  new  aud  full  moon. 

Oceanic  currents,  which  exercise  an  important  influence 
on  the  climate  of  neighbouring  coasts,  and  on  the  iiitercoarse 
of  nations,  depend  concurrently  on  a  variety  of  causes  of 
unequal  msignitude  and  operation.  Amongst  these  we  may 
reckon  tJie  propBgation  of  ttie  Ijde-wave  in  its  progress  round 
the  ^obe,  the  duration  and  strength  of  previiiling  wiada, 
the  variations  of  density  which  eea-water  undergoes  in 
different  latitudes  and  deptlia  by  changes  of  temperature  and 
of  the  relative  quantity  of  its  satins  contents,  (^^]  and,  finally, 
the  horary  variations  of  the  atmospheric  pressure,  so  regular 
in  the  tropics,  and  propagated  successively  from  east  to  west. 
The  currents  of  the  ocean  present  a  remarkable  spectacle ; 
maintaining  a  nearly  constant  breadth,  they  cross  the  sea  in 
differeni^  directions,  like  rivers  of  which  the  adjacent  undis- 
turbed masses  of  water  form  the  banks.  The  line  of  de- 
marcation betwerai  the  parts  in  motion,  and  those  iu  reposa, 
is  most  strikingly  shewn  in  places  where  long  bands  of  sea- 
weed, borne  onward  by  tie  onirent,  enable  us  to  estimate  its 
velocity.  Analogous  phentHUWa  are  sometimes  presented 
to  our  notice  in  the  lower  strata  of  the  atmosphere,  wiien, 
after  a  violent  storm,  the  path  of  a  limited  aerial  current 
may  be  traced  tJiron^  the  forest  1^  long  lanes  of  ovw- 
thrown  trees,  whilst  those  on  mther  side  remain  unscathed. 

The  general  movement  of  the  sea  from  east  to  west  be- 
tween the  Ifopics,  known  by  the  name  of  the  eciuatorial 
or  rotation  current,  is  regarded  as  the  joint  etTect  of  the 
trade  niuds,  and  of  the  progressive  propagation  of  the  tide- 
wave.    Its  direction  is  modified  by  the  tesi'itarice  wliiob  it 
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expeiieiices  from  the  eastean  coasts  of  continents.  Tbe  n 
locity  of  this  current,  computed  by  Deossy  from  data  gup- 
plied  by  bottles  purposely  thrown  oveiboaid  and  subs^ 
queatly  picked  up  in  different  localities,  agrees  wilMn 
one  eighteenth  part  with  the  Telocity  of  ten  French  naatictd 
miles  in  twenty-four  hours,  whidi  I  had  pieriouBly  deduced 
from  comparing  the  experience  of  different  navigators.  {^) 
Columbus  was  awEoe  of  the  existence  of  this  cunent  at 
the  period  of  his  third  voj^ge,  (tbe  first  in  which  he  songht  to 
enter  the  tropics  in  the  meridian  of  ika  Canary  Islands),  since 
we  find  in  hia  jonmal  the  following  passage : — "  I  regard 
it  as  proved  that  the  waters  of  tbe  sea  move  irom  east  to 
west  as  do  the  heavens"  (or  the  apparent  motion  of  tba 
sun,  moon,  and  stars),  "  las  aguas  van  oon  los  cielos."  C") 
Of  the  narrow  currents,  or  true  oceanic  nves»,  <£  which 
we  have  spoken,  some  cany  warm  water  into  higher,  and 
others  cold  water  into  lower  latitudes.  To  the  first  class 
belongs  the  celebrated  gulf  stream,  (^^')  tbe  existence  c^ 
which  was  recognised  by  Anghiera,  (3'^)  aad  more  particii- 
larly  by  Sir  Humphry  Gilbert,  as  early  as  the  sixteenth 
century,  and  of  which  the  first  origin  and  impulse  is  to  be 
Bougbt  to  the  south  of  fihe  Cape  of  Good  Hope.  After  a 
wide  circuit,  it  pours  itself  from  tbe  Caribbean  Sea  and  tbe 
Mexican  Gulf  through  tbe  channel  of  tiie  Bahamas,  and 
following  a  direction  from  S.S.W.  to  N.K.£!.,  deviates  more 
and  more  from  the  coast  of  the  United  States,  nntil,  de- 
llected  still  further  to  the  east  by  the  banks  of  Newfoundland, 
it  crosses  the  Atlantic,  and  casta  an  abundanoe  of  tn^ical 
seeds  (Mimosa  scandens,  Guilandina  boudoc,  Dolichos 
urcns)  oil  the  coasts  of  Ireland,  of  the  Hebrides,  and  of 
Norway.     Ita  iiotth-eastertuooat  ptolongaJdon  mitigates  tbe 
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oold  of  the  ocean,  and  eierdses  »  beneficent  infiuence  mk 
the  cHinat«  of  the  northemmOBt  point  of  Scandinftvia.  At 
the  point  where  the  stieam  is  deflected  to  the  east  by  the 
banks  of  Nevfbtmdland,  it  sends  off  an  arm  toward  the 
soath,  not  far  &om  the  Azores,  ("f)  This  is  the  eitnadcm 
of  ibe  Sargasso  Sea,  or  that  great  sea  of  weed,  or  bank  of 
fucns,  which  made  so  lively  an  impression  on  the  imagine 
lioa  of  Colambas,  and  which  Oviedo  caUs  sea- weed  mea- 
dows,— "praderias  de  ywra."  These  erergreen  masses  at 
f  acos  nateos  (one  of  the  most  widely  diatribnted  of  the 
■ocial  sea  plants),  driren  gently  to  and  fro  by  mild  and 
warm  breeHS,  ue  the  habitatioa  of  a  oonntless  number  <tf 
small  marine  animals. 

Tiaa  great  current,  which,  in  the  Atiantio  raUey,  between 
A&ioa,  America,  mA  Enrope,  belongs  almost  entirely  to  the 
northern  hemisphere^  has  its  counterpart  in  the  Soathem 
Pacific  Ocean,  in  a  cnrrent  the  dFect  <^  whose  low  temperft- 
tore  on  the  cUmate  of  the  adjacent  eoasta  was  first  brought 
into  notice  by  myself  in  the  autumn  of  1802.  Iliis  current 
brings  the  cold  water  of  the  high  south  latitudes  to  the  coast 
(X  ChiU,  and  follows  its  shores  and  those  of  Peru  north- 
ward to  the  bay  of  Arica,  and  thence  north-westerly  to 
the  neighbourhood  of  Payta,  where  the  most  westerly  pro- 
jection of  the  American  coast  deflects  the  stream,  and 
causes  '\  suddenly  to  quit  the  shore,  taking  a  due  west 
direction.  Here  the  boundary  is  so  sharply  marked,  that  a 
ship  saihng  northwards  finds  itself  passing  suddenly  from 
cold  to  warm  water.  At  certain  seasons  of  the  year  this 
cdd  current  brings  into  the  tropics  water  of  15°. 6  Cent, 
(60°  Fah.),  the  temperature  of  the  undisturbed  masses  of 
water  in  the  vicinity  being  from  27''-5  to  28°.7  Cent. 
(81°.5  to  SS".?  Fab.) 
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"We  do  not  know  the  depth  to  wIh»A  oceanio  cuneiiti 
(warm  or  cold)  extend:  the  dedeetion  of  the  Sootii 
African  current  by  the  LaguUaa  bank,  which  is  from 
sixty  to  seventy  fathoma  deep,  would  in^cate  it  to  be 
considerable.  The  presence  of  Mnd  banks  and  ahoals,  not 
situated  in  any  line  of  cucrent,  may  be  recognised  by  the 
lowtempnatureof  the  water  oveithem;  and  the  knowledge 
of  this  feet  may  oflen  conduce  to  tlie  safety  of  navigation. 
It  was  first  discovered  by  the  jostly  celebrated  Eenjamin 
Franklin,  who  may  be  said  to  have  thereby  transformed  the 
thermometer  into  a  sounding  line ;  and  its  exjlaaation  ap- 
pears to  be,  that  when  in  the  general  movement  of  the 
water  forming  the  current,  the  deeper  situated  and  colder 
particles  strike  upon  a  bank,  their  motion  is  inclined  np- 
wards,  and  tbey  mii^le  with  and  cliill  the  upper  stratum  of 
water.  My  late  illustrions  friend,  Sir  Humphry  Davy, 
attributed  the  phenomenon  rather  to  the  descent  of  the 
surface  particles,  cooled  by  nocturnal  radiation,  raid  f  o  their 
being  prevented  from  sinking  deeper  by  the  shoal,  which 
thus  retained  them  in  closer  proximity  to  the  sur&ce.  Mists 
are  frequoitly  met  with  over  shoals,  from  the  inHacuce  of 
the  cooled  water  in  condensing  the  vapour  in  the  atmo* 
sphere.  I  have  seen  such  mists  to  the  south  of  Jamaici^ 
and  in  the  Pacific,  which  have  shewn  the  outline  of  the 
shods  beneath  so  well  defined,  as  to  be  distinctly  recog- 
nised from  a  distance;  thus  forming  to  the  eye  aerial 
ira^fes  reflecting  the  form  of  the  bottom  of  the  ocean.  A 
still  more  remarkable  effect  of  the  cooling  influence  of  shoals 
is  shewn  sometimes  in  the  higher  regions  of  the  atnjosphere. 
At  sea  ajid  in  very  clear  weather,  clouds  are  often  seen  sua- 
peiKled  above  tiie  site  of  sand  banks  or  shoals,  as  well  as 
ovei'  low  coral  or  sandy  islands.     Tiieir  bearings  Inay  be 


takes  from  b  dixtaat  ship  by  Usa  compass,  precisely  as  that 
tA  a  high  mountain  or  a  solitaiy  peak. 

Although  the  surface  of  the  ocean  is  leas  rich  in  animal 
and  v^table  forms  than  that  of  cx>ntinent6j  yet  when  its 
dq^ithe  ue  searched,  perhaps  no  other  portion  of  our  planet 
presents  such  fulness  of  o^anic  life.  CSutrles  Darwin,  in 
the  ^reeable  journal  of  his  extenrave  voyages,  justly  remarks, 
that  OUT  land  forests  do  not  harbour  so  many  animals  as  the 
low  wooded  regions  of  the  ocean,  where  the  sea-weed  rooted 
to  the  sbonla,  or  long  branches  of  fnci  detached  by  the  force  of 
waves  and  currents,  and  swimming  free  upborne  by  air-cells, 
unfold  thei?  deUcate  foU^e.  The  apphcatiou  of  the  micros- 
cope still  ferther  increases  our  impression  of  the  profusion 
of  oi^jauic  life  which  pervades  the  recesses  of  the  ocean,  since 
throughout  its  mass  we  find  animal  existence,  and  at  depths 
exceeding  the  height  of  oui  loftiest  mountain  chains,  the 
strata  of  water  are  alive  with  p<dygastric  worms,  cyclidiie, 
Bod  ophiydinEB.  Here  swarm  countless  hosts  of  minute 
luminiferoua  animals,  mammaria,  Crustacea,  peridinea,  and 
ciliated  nereides,  which,  when  attracted  to  the  surface  by 
.particular  conditions  of  weather,  convert  every  wave  into 
s  crest  of  light.  The  abundance  of  these  mmate  crea- 
tai>e9,  and  of  the  animal  matter  supplied  by  their  rapid 
decomposition,  is  such,  that  the  sea  water  itself  heeomes 
a  nutritious  fluid  to  many  of  the  laiger  inhabitants  of  the 
ocean. 

If  all  tills  richness  and  variety  of  animal  life,  containing 
acme  highly  organised  and  beautiful  forms,  is  well  fitted  to 
afford  not  only  an  interesting  study,  but  also  a  pleasing  ex- 
citemait  to  the  fancy,  the  imagination  is  yet  more  deeply, 
I  might  say  more  solemnly,  moved  by  the  impressions  of  th* 
boundless  and  immeasurable  which  every  sea-voyage  affc^s. 
VOL.  t.  T 
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He  who,  awakened  to  the  iaward  ex^ciae  of  thanght,  delights 
to  build  up  an  inner  world  in  hia  own  spirit,  Gils  the  ^de 
horizon  of  the  open  sea  with  the  sublime  image  of  the  infinite ; 
Lis  eye  dwells  especially  on  the  distant  bea  line  where  air  and 
vatei  join,  and  where  stars  arise  nnd  set  in  ever  renewed 
oltcniation :  in  sach  contemplatioas  there  mingles  as  witti 
all  human  joy,  a  breath  of  sadness  and  tA  l<Higing. 

A  peculiar  predilection  for  the  lies,  and  a  grateful  tectA' 
lection  of  the  unpresaions  which,  when  viewed  within  ihe 
tropics,  either  in  the  calm  of  peaceful  nights  or  in  moaaents 
of  tumultuous  agitatioQ,  it  has  left  upon  my  mind,  hme  tJone 
induced  bw  to  allude  to  the  individual  enjoyment  affinded 
by  its  contemplation,  b^ore  I  proceed  to  other  and  more 
general  considerations.      Gont«ct  with  the  ocean  has  un- 
questionably exercised  a  beneficial  inflnence  on  the  culti- 
vation of  tiie  intdlect  and  formation  of  the  character  of  many 
nations,  on  the  multiplication  of  those  bonds  which  should 
unite  the  whole  human  race,  on  the  first  knowledge  of  tie 
true  ftmn  of  the  earth,  and  on  the  pursuit  of  asl^omnny 
and  of  all  the  mathematioal  and  physical  sciences.    This 
b;iieficirtl  influence,  enjoyed  by  the  dwellers  on  the  Medi- 
terranean and  on  the  shores  of  South-Westem  Asb,  was 
long  hmtted  to  them ;  but  tdnce  the  eisteenth  century  it 
has  spread  far  and  wide,  ext«nding  to  nations  living  even 
ill  the  interior  of  continents.     Since  Columbus  was  "smtto 
unbai'  the  gates  of  ocean"  (as  the  unknown  voice  said  to 
him  in  a  dieam  on  his  sick-hed  near  the  Biver  Bdem),  {"*) 
man  has  bddly  adventured  into  intdlectual  as  well  as  gay 
graphical  regions  b^ire  unknown  to  him. 

We  proceed  to  the  second  covering  of  our  planet,  its 
ut«ciot  and  univers^y  diffiised  envdope,  the  aerial  ocehn, 
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at  the  iMttooL  or  on  the  shoals  of  which  ve  live.  The 
€ttMo»phere  presents  six  classes  of  pheBnomeiia  vliich  manifest 
the  most  intimate  connection  with  each  other.  These  arise 
from  its  chemical  oomposiDiau  ;  the  variations  in  its  transpa- 
zency,  polarisation,  and  colour;  its  density  or  pressure;  its 
temperature;  its  humidity;  atid  its  electric  tension.  T)ie 
atmosphere  contoiiis,  in  the  form  of  oxygen,  the  first  element 
of  the  physical  life  of  animals ;  and  we  may  here  notice  another 
benefit  scarcely  less  important,  of  which  it  is  the  instrument ; 
the  air  is  the  "  conveyer  of  sound  /'  the  channel  of  the  com- 
manication  of  ideas,  the  indispensable  condition  of  all  social 
life.  The  earth,  deprived  of  its  atmosphere,  as  we  believe 
our  moon  to  be,  presets  to  out  imagination  the  idea  of  a 
Bouudless  desert. 

Since  the  beginning  of  the  present  century,  the  relative 
proportion  of  the  constituents  of  the  accessible  strata  of  the 
atmosphere  has  been  the  object  of  researches,  in  which  Gay< 
Lossac  and  myself  took  an  active  part:  but  the  chemical 
analysis  of  the  atmosphere  has  only  very  recently  attained  a 
high  degree  of  perfection,  through  the  meritorious  labours  of 
Dumas  and  Boussingflnlt  by  new  and  more  accurate  methods. 
According  to  this  aniJysis  a  volume  of  dry  m:  contains  SO. 8 
parts  of  oxygen  and  79.2  of  nitn^en,  besides  from  two  to 
five  ten-thousandth  parts  of  carbonic  acid  gas,  a  still  smaller 
quantity  of  carburetted  hydrogen,  (^'*)  and,  according  to  the 
important  espaiments  of  Saussure  and  of  Liebig,  traces  of 
ammoniacal  vapours,  (*'*)  which  furnish  to  plants  the  azote 
they  contain.  Some  observations  of  Lewy  have  rendered  it 
prohnble  that  the  quantity  of  oxygen  varies  slightly,  bat  per- 
ceptibly, in  different  seasons  of  the  year,  and  over  the  sea  or 
in  the  interior  of  continents.     It  is  quite  a  conceivable  case 
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that  Taiiations  which  microscopic  animals  maj  oocaaion  iio 
the  quantity  of  oxygen  held  in  solution  in  the  water  may  entail 
corresponding  variations  in  the  strata  of  air  immedlBtely  in 
contact  with  it.  (^^f)  The  aii  which  Uartins  collected  on  ttie 
Faulhom  at  a  height  of  8226  French  feet  had  not  less 
oxygen  than  the  air  at  Paris,  (^^s) 

The  admixture  of  cubonate  of  ammonia  in  the  atmosphere 
may  have  been  older  than  the  presence  of  organic  life  on  the 
globe.  The  sources  from  whence  the  atmosphere  may  derivo 
carbonic  acid  are  manifold.  (3'*)  We  may  name  first  the 
respiration  of  animals,  who  obtmn  the  carbon  which  they 
exhale  from  v^table  food,  the  vegetables  receiving  it  from 
the  atmosphere.  Other  sources  are,  the  interior  of  the  earth 
in  districts  of  extinct  volcanoes  and  thenual  springs;  and  the 
deodnposition  of  the  small  portion  of  carburetted  hydrogen 
existing  in  the  air  by  the  electiic  dischaiges  of  clouds,  which 
are  mucli  more  frequent  within  the  tropica  tlian  in  our 
(dimates.  With  the  above-mentioned  substances,  which  we 
find  to  be  proper  to  the  atmosphere  at  all  elevations  within 
pur  reach,  are  accidentally  associated  others,  especially  in 
dose  vicinity  fo  the  ground,  which,  as  miasma  and  pesti- 
lential emanations,  sometimes  exercise  a  dangerous  iufiuence 
on  animal  organization.  Although  the  chemical  nature  of 
these  has  not  yet  been  ascertained  by  direct  analysis,  yet  the 
existence  of  such  deleterious  local  admixtures  may  be 
inferred,  both  from  a  consideration  of  the  processes  of  decay 
which  the  vegetable  and  animal  substances  with  which  our 
globe  is  covered  are  perpetually  undergoing,  and  &om  combi- 
nations and  analogies  belonging  to  the  domain  of  pathology. 
Ammoniacal  and  other  vapours  containiBg  azote,  sulphuretted 
hydrogen,  and  even  combinations  analogous  ^^  *be  ternary 


THB  ATUOSPUKRB.      METEOEOLOGT.  307 

•nd  qnateniBry  bases  of  the  vegetable  kingdom,  (**>)  may 
produce  uiaanui  which,  under  many  forms  and  conations 
(and  by  SO  means  exclnfflrelj  on  vet  marshy  groands,  or 
on  coasts  covered  with  decaying  moltosca  and  low  bnshes  oC 
msngrove  and  avicennia)  may  generate  ^nes  and  typhna 
fever.  At  certain  seasons  of  the  year,  fogs  having  a  peculiar 
smell  remiml  as  of  such  adventitious  aai  unwelcome 
mistiirea  in  the  lower  portions  of  the  atmosphere.  Winds 
and  ascending  currents,  caused  by  the  heating  of  the 
ground,  may  sometimea  carry  up  even  sohd  subs  tHnces  when 
reduced  to  fine  powder.  The  sand  which  creates  an  ob- 
scurity in  the  air  over  a  wide  area,  and  ialls  on  the  Cape 
"Verd  Islands,  to  which  attention  was  directed  by  Darwin, 
was  found  by  Ehrenbei^  to  contain  innumerable  sOiceous- 
ahelled  infu^ria. 

As  principal  features  of  a  general  descriptive  picture  of 
tlie  atmosphere,  we  may  distingQish — ' 

1.  Variation*  of  atmospheric  pressure ;  those  horary 
fluctuations  which  within  the  tropics  occur  with  such 
r^ularily,  and  are  so  distinctiy  marked :  they  form  a  kind  of 
atmospheric  tide,  which,  however,  cannot  he  attribnt«d  to 
the  attraction  of  the  Moon,  (^'}  and  which  difteis  greatly 
at  different  seasons,  latitudes,  and  elevations. 

2.  Climatie  distribution  of  heat,  dependent  on  the 
lelative  position  of  transparent  and  opaqne  masses  (the  fluid 
and  solid  portions  of  the  sotfikee  of  the  globe),  and  on  the 
hypsometric  configoration  of  continents.  These  determine 
the  geographical  position  and  the  curvature  of  the  isothermal 
lines  (or  lines  of  equal  mean  annual  temperatnie),  both  in  a 
horizontal  and  a  vertical  direction,  or  on  oiiiform  oi 
different  levels.. 

•       ,,„.,„C„osle 


3.  Tie  hutniditif  tif  the  atmosphere,  Tbe  qnantitstin 
ndstions  of  the  humidity  depend  on  the  jm^ortion  bctwea 
the  teriestrial  and  oceanic  sorboea ;  oa  the  distance  from  the 
Equator,  and  the  height  shore  the  sea ;  on  &d  iaaa.  in  which 
the  aqueous  rapoui  in  the  atmoBphere  i«  precipitated; 
and  on  the  connectioti  of  these  precipitations  with  cliangv 
of  temperature  and  with  the  direotioa  and  saoceEsion  tS. 
winds. 

4.  The  electric  tetuion  of  the  atmoiphere ;  of  which 
the  primary  souive,  when  the  sky  is  serene,  is  still  mn^ 
contested.  Under  this  head  we  have  to  consider  the  relation 
of  ascending  vapoar  to  t^  electric  diai^  and  form  of 
clouds  at  different  periods  of  the  day  and  yeu ;  the  influence 
of  cold  and  waim  zones  of  the  earth,  and  of  low  or  elevated 
plsins;  the  frequency  or  in&eqaeucy  of  thnnder-stonns, 
their  periodicity,  and  their  fomtation  in  summer  and  winter; 
and  the  causal  connection  of  dectricity  with  the  exceedingly 
rare  occurrence  of  night  hail,  and  witii  the  phGenomena  of 
water -spouts  and  of  columns  of  sand,  investigated  with  much 
ingenuity  by  Peltier. 

The  horaiy  variations  of  the  barometer,  which  under  the 
tropics  present  two  maxima  (at  9  or  9\  a.u.,  and  at 
10^  or  10|  P.M.)  and  two  minima  (at  4  or  4}  a.u. 
and  4  I.H.,  which  are  nearly  tiie  hottest  and  the  coldest 
hours  of  the  day),  were  long  the  oligect  of  my  most  careful 
daily  and  nightly  observation,  (^^aj  Their  regularity  is  such, 
that,  in  the  day  time  especially,  we  may  infer  the  hour  &om 
the  height  of  the  colnom  of  naerouiy,  without  being  in  oror 
on  an  average  more  than  fiftem  or  seventeen  minutes.  ]ji 
the  torrid  zone  of  the  New  Ck>atinent,  I  have  found  the  regit. 
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-ln.rity  of  tl^  ebb  and  flow  of  the  aerial  ocean  undisturbed 
either  by  st«mi,  tempest,  rain,  ot  earthquake,  both  on  the 
coasts,  and  at  elevations  of  nearly  13000  English  feet  above 
tlie  sea,  where  the  mean  temperatoie  sinks  to  7°  Gent, 
-{44-°. 6  ¥ti\.)  The  amount  of  horuy  oscillation  decreases 
-firom  the  !Equat<»  to  70°  N.  lat.  (whM«  we  have  rtirj  accu- 
xede  observations  ma^  by  Biavaia  {'^)  at  Bosekop),  from 
1.33  to  0.18  French  hnes  (0.117  to  0.016  Eughsh  inches). 
Xt  has  been  supposed  th^  much  nem-er  to  the  pole  the  mean 
height  of  the  barometer  is  really  less  at  1 0  &.u.  than  at 
4  h.  P.M.,  so  that  the  hours  of  maximum  and  mioinattm  are 
inverted;  but  this  ean  by  no  means  be  concluded  from  Fftrry's 
observations  at  Port  Bowen  in  73°  11'  N. 

Owing  to  the  effect  of  the  ascending  cnrrent,  the  mean 
-height  of  the  baiomet«t  is  rather  less  at  the  eqnator  and  ge- 
nerally under  the  tropics,  than  in  the  temperate  zone,  {***)  and 
it  appears  to  reach  its  maximum  in  Western  Europe  in  the 
paraJleHs  of  40°  to  45°.  If  with  K&mtz  we  combine,  by 
isoharomet'ric  lines,  those  places  which  present  the  ^ame 
mean  diif^^nce  between  the  monthly  extremes  of  the  ba- 
rometer, we  obtain  curves  whose  inflections  and  geographic 
positions  furnish  important  oonclnsions  respecting  the  in- 
fluence which  the  fc«in  of  the  land  and  the  distribntion  of 
ha.A.  and  sea  exercise  on  the  oscillations  of  the  atmosphere, 
HindostAU,  with  its  lofty  mountain  chains  and  triangulai 
peninsulas, — the  eaatem  coast  of  the  New  Continent^ 
where  the  wann  current  of  the  Qulf  Stresm  is  deflected 
to  the  east  by  tho  banks  of  Newfoundland, — shew  greater 
iEobarometric  fluctuations  than  do  the  West  Indies  and 
■    Western  Europe.      Pievadliug  winds  exercise  a  principfd 
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influeoce  on  the  diminntiDn  of  the  pressure  of  the  atmo- 
epheie ;  ia  accompEmimeut  with  which,  according  to  Daiusy; 
Its  we  hare  already  notieedj  the  mean  level  of  the  sea  is 
raised.  (^^] 

As  the  moat  important  fiuctuationB  of  atmospheric  pies- 
sure,  whether  regular  and  p^odicsl,  or  iiregalar  or  acci- 
dental and  then  often  violent  and  dangerous,  (^^]  havefor  their 
principal  cause,  like  all  other  phsnomena  of  weather,  the 
heating  power  ot  the  eon's  raya, — it  has  long  been  customary 
(partly  as  proposed  by  Lambert)  to  compare  the  ditectioii  of 
the  wind  with  the  height  of  the  barometer,  and  with  chuiges 
of  tempeiatnre  and  the  increase  or  decrease  of  moisture. 
Tables  of  atmospheric  pressure  accompanying  difierent 
winds,  which  have  received  the  name  of  barometric 
vindroses,  afford  a  deep  insight  into  the  matnal  idi^ 
tion  of  meteorological  phienomena.  P^')  Dove,  with  ad- 
min^le  sagacity,  has  recognised  in  the  "  law  of  rotation"  in 
both  hemispheres,  which  he  has  propounded,  the  cause  of 
jnaaaj  important  procMsefl  and  extensive  movements  in  the 
aerial  ocean.  (^^)  The  difference  of  temperature  between 
the  equatorial  and  the  polar  r^ons  of  the  globe  produces 
two  opposite  currents;  one  in  the  higher  portion  of  the 
atmosphere,  the  other  near  the  surface  of  the  earth.  The 
difference  between  the  rotatory  velooity  at  the  poles  and  at 
the  equator  causes  the  air  flowing  from  the  poles  to  unde^ 
an  easterly,  and  the  equatorial  current  a  westerly  deSe<^on : 
on  the  opposition  of  these  two  currents,  on  the  place  wha« 
the  uppec  one  descends  to  the  surface  of  the  earth,  and  on 
the  alternate  displacement  of  one  by  the  other,  defend  tht 
prlntipal  phenomena  of  atuKispheric  pressure,  of  the  heatiif  - 

'■""81'^ 
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and  cooling  of  different  strata  of  the  air,  of  aqueous  precipi- 
tations, and  even,  as  Dove  has  trul;  represented,  the  formation 
of  clonds  and  their  shape  and  aspect.  Thas  the  particular 
form  of  cloud,  which  is  often  a  characteristic  and  animating 
feature  of  the  Isadscape,  announces  the  processes  which  are 
taking  place  in  the  upper  regions  of  the  air ;  and  when  tiie 
air  is  calm,  the  clouds  on  a  hot  summer's  day  will  sometimes 
present  a  "  projected  image"  of  the  diversities  of  form  of  the 
beat- radiating  gnrface  of  the  Earth  beneath  tliem. 

In  parts  of  the  globe  where  radiation  acts  on  very  es- 
tensive  continental  and  oceanic  sur&ces  in  certain  relative 
positions  to  each  other,  as  between  the  east  coast  of  Airica  and 
the  west  coast  of  the  Peninsula  of  India,  its  effects  are  shewn 
in  the  monsoons  of  the  Indian  Seas  (3^) — the  Hippalos 
cJ  the  Greek  navigators :  as  the  direction  of  the  monsoons 
vaiies  with  the  declination  of  the  Sun,  their  periodical  clia- 
ncter  was  early  recognised  and  tamed  to  the  use  of  man. 
In  the  knowledge  of  the  monsoons, — which  has  doubtless  ex- 
tended for  i^es  over  both  HindostAn  and  China,  and  among 
the  Arabs  to  the  west  and  the  Malays  to  the  east, — as  well 
as  in  the  still  more  ancient  uid  more  general  knowledge  of 
land  and  sea  breezes,  there  lay,  as  it  were  enveloped  and  con- 
cealed, the  hidden  germ  of  that  meteorological  science  which 
is  now  making  sneh  rapid  progress.  Tlie  long  chain  of 
magnetic  stationt  extending  &om  Moscow  to  Fekin  through 
the  whole  of  Northern  Asia,  and  which  have  also  for  their 
object  the  investigation  <^  meteorological  relations,  will 
fomish  data  of  great  importance  towards  the  investigation 
of  the  Law  of  the  Winds,  For  example,  the  comparison 
of  stations  so  many  hundred  miles  apart  will  determine, 
whether  the  same  east  wind  blows  Ixom  the  elevated  desot 
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pluns  of  Gobi  to  the  interior  of  Ihusia,  or  whether  the 
direction  of  the  current  onginatee  in  the  middle  of  the  chain 
of  stations  bj  a  descent  of  the  air  from  fte  npp^  re^oas. 
We  shtJl  thus  leara  in  th«  stricteet  sense  "  where  the  wind 
comes  firom."  If  at  the  present  moment  we  taike  a  result 
on  this  point  eLdosive];  from  stataonE  where  ohservatioDs 
have  now  been  made  for  above  twenty  yews,  we  find  (ao- 
cording  to  Wilhelm  Hahlmaiui's  most  recent  and  carefol 
calculation),  that  in  the  middle  latitudes  of  the  temp^^ 
zone,  Biid  in  both  continents,  the  prevailing  direction  of  the 
irind  is  west  south-weat. 

We  have  gained  a  clearer  insight  into  the  distribution  ct 
hefd  in  the  atmo^b(»e,  since  the  attempt  has  be^i  made  to 
connect  graphically  by  tinea  those  points,  where  accntate 
observations  have  indicated  equality  of  mean  minual,  meui 
summer,  or  mean  winter  temperature.  The  system  of 
Isothermal,  Isotberal,  and  Isoclumenal  lines,  which  I  fiiat 
employed  in  1817,  if  gradnally  perfected  b;  the  united 
efforts  of  investigators,  may  perhaps  prove  one  of  the  chiei 
foundations  of  a  Comparative  Climatology.  It  is  thus 
that  lesearches  on  terrestrial  magnetism  hav&  become  • 
Bcience,  &om  the  period  when  partial  results  were  combined 
in  a  graphic  form  in  lines  of  equal  Declinatiou,  equal  IncU- 
nation,  kd.A  equal  Intensity. 

The  expression  climate,  taken  in  its  most  general  t/ease, 
signifies  all  those  states  and  changes  of  the  atmosphere  which 
sensibly  afiect  our  organs :  temperature,  humidity,  vanatifffl 
of  barometric  pressure,  a  calm  state  of  the  air  or  the  effeda 
of  different  winds,  the  amount  of  electric  tension,  the  pnri^ 
of  the  atmosphere  or  its  admixture  with  more  or  less  dele- 
terious exhalations,  and  lastly  the  degree  of  habitual  trans-     , 
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paieMy  of  the  air  and  seramty  of  the  sky,  which  has  on 
important  influence  not  only  on  the  oi^anic  derelopmeut  of 
plants  and  tbe  ripening  of  fruits,  but  also  tm  tlie  feelings 
and  tbe  whole  mental  dispositioa  of  man. 

If  the  whole  surface  of  tbe  earth  constated  tithsr  of  a 
homogeneous  fluid  mass,  oi  of  strata  of  rock  perfectly  alike 
in  colour,  density,  and  smoothness,  and  of  equal  capacity 
both  for  the  absorption  of  the  son's  rays,  and  for  radiating 
heat  through  tbe  atmosphere  into  space,  the  isothermal, 
isotheral,  and  isochimenal  lines  would  all  be  parallel  to  the 
equator.  In  this  hypothetical  condition  of  the  earth's 
surface,  tlie  power  of  absorption  and  emission  of  bght  and 
heat  would,  under  equal  latitudes,  be  every  where  the  sama. 
From  this  mean,  and,  as  it  were,  primitive  condition,  which 
neither  excludes  currents  of  beat  in  the  interior  of  the  globe 
or  in  its  ext«mal  covning,  nor  tbe  propc^ation  of  beat 
bj  atmospheric  currents,  the  mathematical  contddemtion  of 
climate  proceeds.  Whatever  alters  tbe  pown  of  absorption 
and  of  radiation,  in  any  of  tbe  several  pfots  of  the  esrth's 
surface  nnder  the  same  parallel  of  latitode,  causes  inflections 
in  tbe  isothermal  hues. 

The  progress  of  climatology  has  been  remarkably  favonred 
by  the  circumstance  that  European  dvihsation  has  extended 
over  two  c^posite  coasts,  having  passed  from  our  western 
shores  to  a  coast  on  tbe  other  side  of  the  Atlantic  valley  having 
an  eastern  aspect.  When,  after  the  ephemeral  colonisation 
&om  Iceland  and  Greenland,  the  British  formed  the  first 
permanent  settlements  on  the  coast  of  the  United  States  of 
America,  and  the  colonists  {whose  nnmhers  were  rapidly 
sugmented  by  the  effects  of  religious  persecution,  &iiAtdcism, 
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and  the  love  of  liberty,)  spread  over  the  whole  extent  &oin 
North  CaioliAa  and  Virginia  to  the  banks  of  the  St.  Xiow- 
rence,  they  were  astonished  at  the  degree  of  winter  cold  which 
they  had  to  endure,  when  compared  with  the  climates  of  Italy, 
France,  and  the  British  Islands,  in  corresponding  parallels  d 
latitude.     But,  however  well  fitted  to  awaken  attention,  the 
comparison  bore  no  finiit  until  it  could  be  based  on  nn- 
merical  results  of  mean  annual  temperature.     If  between 
68"  and  30"  of  north  latitude,  we  compare  Nain  on  Gte 
coast  of  Labrador  with  Oottenburg,  Halifax   with   Sor- 
deaux.  New  York  with  Naples,  and  Ht.  Augustin  in  Floiida 
with  Cairo,  we  find  the  differences  of  mean  annual  tempers 
ture  under  equal  latitudes,  in  Eastern  America  and  "Western 
Europe,  commencing  with  the  northernmost  pair  of  station^ 
Rud  proceeding  southwards,  anccessively  11°.5,  7°.7,  3°.8, 
and  ahnost  0°  Cent.  (20".?,  1  J^.S,  (i°.S,  and  almost  0°  Fah.) 
The  gradual  diminution  of  the  differences  in  this  aeries, 
which   extends  over  twenty-eight  degrees  of  latitude,  is 
striking.     Farther  to  the  south,  under  the  tropica,  the  iso- 
thermal lines  in  both  parts  of  the  world  are  every  where 
parallel  to  the  equator.     We  see  from  the  above  examples, 
that  the  questions  often  asked  in  society, — how  many  degrees 
America  (without  distinction  of  its  eastern  or  western  coast), 
is  colder  than  Europe? — or  how  much  the  mean  annual 
temperature  of  Canada  and  the  United  States  is  lower  than 
that  of  the  corresponding  latitudes  in  Europe  P — have,  when 
thus  generally  expressed,  no  definite  meaning.    The  differ- 
ence is  not  the  same  under  different  parallels ;  and  unless  we 
compare  separately  the  winter  and  the  summer  temperattnes 
of  th«  opposite  coasts,  we  shall  not  be  able  to  fbrni  any  dear 
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idea  of  their  climatic  rations,  as  influential  on  agricaltnre 
and  other  industrial  pursuitB,  and  on  the  comfort  and  well' 
being  of  man. 

In  enumerating  the  causes  which  exercise  a  distorbing 
induence  on  the  form  of  the  isothermal  lines,  I  have  distin- 
guished between  those  which  raise  and  those  which  depress 
the  temperature.  To  the  first  belong, — the  vicinity  of  a 
western  coast  in  the  temperate  zone ;  a  divided  or  inter- 
sected configuration  of  the  \aaA,  with  projecting  peninsulas, 
and  deep  re-entering  bays  and  inland  seas;  aspect,  or  the 
position  of  the  land  relatively  to  a  sea  free  from  ice  ex- 
tending within  the  polar  circle,  or  to  a  considerable  mass 
of  contiiieatal  land  situated  beneath  the  equator,  or  at 
least  within  the  torrid  zone;  prevalence  of  sontherly  ani^ 
westerly  winds  on  the  western  side  of  a  continent,  in  the 
temperate  zone  of  the  northern  honisphere ;  chains  of 
mountains  acting  as  screens  or  protecting  walls  gainst 
winds  from  colder  regions;  infrequency  of  swamps  or 
marshes,  which  retain  the  ice  m  spring  and  early  summer; 
absence  of  woods  on  a  dry  sandy  soil ;  constant  serenity 
of  sky  during  the  summer  mouths ;  and  lastly,  the  vicinity 
of  an  oceanic  current,  bringing  water  of  a  higher  tempera- 
ture than  that  of  the  surrounding  sea. 

Among  the  cooling  causes  vhich  modify  the  mean 
annual  temperature,  I  consider  elevation  above  the  sea  level, 
especially  when  not  forming  an  extensive  table  land;  tlie 
vieiiiity  of  an  eastern  coast  in  the  higher  and  middle  lati- 
tudes ;  the  compact  and  massive  form  of  a  continent,  having 
a  coast  line  little  varied  by  indentations ;  an  extension  of 
the  land  in  the  direction  of  the  pole  fer  into  the  frraen 
regions  (there  being  no  intervening  sea  free  from  ice  during 
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the  winter)  j  a  geographical  position  in  which  the  tropical 
portions  of  the  same  meridians  are  occnpied  by  sea,  implying 
the  absence  under  those  meridians  of  extensive  tropical  land 
powerfully  heated  by  the  sun's  rays,  and  giving  out  great 
heat  by  radiation ;  chains  of  mountains  which,  by  their 
direction  and  precipitous  form,  impede  the  access  of  warm 
vinds;  the  neighbourhood  of  isolated  peaks,  causing  the 
descent  of  currents  of  cold  air  on  their  declivities ;  extensiye 
forests,  preventing  the  heating  of  the  ground  by  the  direct  ef- 
fect of  the  sun's  rays,  and,  by  means  of  the  vital  oi^anic  actioD 
of  their  leafy  appendages,  cansing  great  evaporation,  vhil^ 
by  the  extension  of  those  organs  they  increase  the  qaantitj 
of  sur^ice  cooled  by  radiation,  thua  operating  in  a  threefold 
manner,  by  shade,  evaporation,  and  radiation;  extensive 
marshes,  which,  in  the  north,  form  a  kind  of  subterranean 
glacier  in  the  plains,  lasting  until  the  middle  of  summer; 
a  cloudy  summer  sky,  or  frequent  mists,  which  impede  the 
action  of  the  sun's  raysj  and  lastly,  a  very  serene  imd  clear 
winter  sky,  favonring  the  escape  of  heat  by  radiation.  (^9") 

The  inflections  of  the  isothermal  lines  are  determined  by 
the  joint  action,  oi  total  effect  of  the  eimnltaneouB  operation, 
of  all  the  disturbing  causes,  whether  belonging  to  those 
which  raise  or  to  those  which  depress  the  tempemture,  bnt 
especially  by  the  relative  extent  and  configuration  of  the 
continental  and  oceanic  masses.  Local  perturbations  occa- 
sion the  convex  and  concave  summits  of  the  isotherm^ 
curves.  Since  there  are  difl'erent  orders  of  disturbing  canses, 
each  should  first  be  viewed  singly  j  and  afterwards,  in  order 
to  learn  their  total  effect  on  the  form  of  the  isothermal  line 
in  the  part  of  the  earth  under  consideration,  we  must  consider 
their  joint  influence;  and  the  operation  of  each,  in  modi- 
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f^^iig,  destroymg,  or  enhancing  the  effect  of  others,  as  small 
-cuidulatoiy  movementa  which  encounter  and  intersect  each 
ot>her  are  known  to  do.  Such  is  the  spirit  of  the  method 
\ty  which  I  persuade  myself  it  will  some  day  be  possible  to 
combine  by  empiric^  laws,  nmnencally  expressed,  vast  series 
of  apparently  insulated  bets,  and  to  manifest  their  reciprocal 
dependence. 

The  trade  winds  (which  are  easterly  winds  blowing 
ivitliin  the  tropics),  are  the  occasion  of  the  west  and  west- 
south-west  winds  which  prevail  in  both  the  temperate 
zdnes.  These  are  of  course  land  winds  to  eastern  coasts, 
and  sea  winds  to  western  coasts.  The  surface  of  the  ocean 
not  being  susceptible  of  being  cooled  in  the  same  degree  as 
that  of  the  land,  by  reason  of  the  mass  of  its  waters,  and  the 
tendency  of  its  particles  to  sink  immediately  they  are  cooled 
and  to  be  replaced  by  cooler  &om  below,  it  follows  that, 
where  easterly  winds  prevail,  west«ii  coasts  should  be  warmer 
than  eastexn  coasts,  except  a  counteraction  eusts  in  oceanic 
csorrents.  Cook's  young  companion  on  his  second  voyage  of 
<mt!umnavigation,  the  ingenious  George  Forster,  to  whom  I 
■m  indebted  for  the  lively  interest  which  prompted  me  to 
nndertake  distant  travels,  was  the  first  who  distinctly  called 
attention  to  the  difference  of  temperatoie  between  the 
caatem  and  western  coasts  of  the  two  continents;  and 
to  the  similarity  of  temperature,  in  the  mean  latitudes,  of 
the  west  coast  of  America  and  the  west  coast  of  Eurc^.  p^') 
Even  in  more  northern  latitudes,  exact  observationB  shew 
a  striking  difference  between  the  mean  annual  temperatures 
of  the  east  and  the  west  coasts  of  America.  Nain,  in 
Labrador,  in  57°  10'  N.lat.,  has  a  mean  ^mual  temperatote 
of  — 3°.fi  Cent.  (SS^.S  Fah.},  or  6°.8  Fab.  below  the  freezing 
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point;  while  Sitka,  on  the  west  coast  of  America,  in  1 
67°  3'  N,  lat.,  has  a  mean  temperature  of  6°.9  Cent,  (i*".* 
Fah.),  being  12°.4  Fah,  above  the  freezing  point.  At  N&in 
the  mean  summer  temperature  hardly  attains  6°.  2  Cent 
{4S''.2  Fah.),  while  at  the  Sitka  it  is  IS^.S  Cent.  (5«''.8  Fah.) 
Fekin,  on  the  east  coast  of  Asda,  in  lat.  89°  54',  has  a  fuean 
annual  temperature  of  11°.3  Cent.  {52°.3  Pah.),  being  more 
than  9"  Fah.  lower  than  that  of  Naples,  which  is  in  a  rather 
more  northern  latitude.  The  mean  winter  temperature  of 
Pekin  ia  at  least  8°  Cent.  {5°.4  Pah.)  below  the  freedng 
point;  while  in  Western  Europe,  the  winter  temperatore  of 
Faria,'  in  lat.  48°  50',  is  fully  3°.3  Cent.  (6°.0  Pah.)  above 
the  freezing  point.  The  mean  winter  temperature  of  Pekin 
is  2°.6  Cent.  (4".5  Fah.)  lower  than  that  of  Copeuh^n, 
sitaated  seventeen  degrees  farther  to  the  north. 

I  have  already  alluded  to  the  slowness  with  which  the 
great  mass  of  water  in  the  ocean  follows  the  variations  of 
temperature  in  the  atmosphere,  and  the  consequent  influence 
of  the  sea  in  equalizing  temperatuTes ;  it  moderates  both  the 
asperity  of  winter  and  the  heat  of  summer :  hence  arises  a 
second  important  contrast, — that  between  insular  or  httoral 
climates  (enjoyed  also  in  some  degree  by  continents  whost 
outline  is  broken  by  peninsulas  and  bays),  and  the  climate 
of  the  interior  of  great  masses  of  solid  land.  Leopold  von 
Buch  was  the  first  writer  who  entered  fully  into  the  subject 
of  this  remarkable  contrast,  and  the  varied  phEenoraena  re- 
sulting from  it;  its  influence  on  vegetation  and  agriculture,— 
on  the  transparency  of  the  atmosphere  and  serenity  of  the 
sky, — on  the  radiation  irom  the  surftice, — and  on  the  height 
of  the  limit  of  perpetual  snow.  In  the  interior  of  the  Asiatic 
continent,  Tobolsk,  Banisiul  on  the  Obi,  and  Irkutsk,  have 


•nmmen  which,  in  mean  tompenitiire,  resemble  those  of 
Berlin  and  MiinHterj  and  that  of  Chetboiu^  in  Normandjr, 
Vut  daring  this  season  the  thermonieter  sometimes  te- 
mains  for  weeks  together  at  80°  and  Sl°  Cent.  (86°  or 
87°.S  Fah.) ;  but  these  summers  are  followed  hj  winters  in' 
which  the  c(Jdest  month  has  the  severe  mean  temperature 
of  — 18  to  —to  Cent.  (— 0°.4  to  +  4°.0  lak.)  Snoh  con- 
tinental climates  do  indeed  deserve  the  name  of  exce»»ive 
which  thej  received  &om  Buffon,  and  the  inhabitants 
of  those  countries  almost  seem  condemned  in  Dantc't 
words,  C«) 

"  A  aoBtxif  tonoMli  caldi  e  gdL" 

I  have  in  no  part  of  the  earth,  not  even  in  the  Canary 
I^aikds,  in  Spain,  or  in  the  south  of  Erance,  seen  more 
magniiicent  fruit,  especially  grapes,  than  at  Astntchan, 
near  the  shores  of  the  Caspian,  in  lat.  46°  21'.  With 
a  mean  annual  temperature  of  ahoat  9°  Cent.  (48" 
Eah.),  the  mean  summei  temperature  rises  to  21°.2  Cent. 
(70°. 2  Pah.),  which  is  that  of  Bordeaux ;  while  not  only 
there,  but  also  still  more  to  the  south,  at  Kislar  at  the 
month  of  the  Terek  (in  the  latitude  of  Avignon  and  Bimini), 
the  thermometer  sometimes  falls  in  winter  to  — 25°  or  — 30° 
Cant.  {— 1S°  to  —22°  Fah.) 

Ireland,  Guernsey  and  Jersey,  the  peninsula  of  Brittany, 
the  coast  of  Normandy  and  that  of  the  south  of  England,  all- 
present,  by  the  mildness  of  their  winters,  and  by  the  low  tem- 
perature and  clouded  sides  of  their  summers,  the  most 
striking  contrast  to  the  continental  chmate  of  the  interior  of 
esstem  Europe.  In  the  north-eastern  pu4  of  Ireland,  in  lat. 
54°  56',  under  the  same  parallel  as  Efinigsberg,  the  myrtlt 
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flouiishes  aa  hnxarniHj  aa  in  Foitagat.  The  meaoi  teni' 
perature  of  the  month  of  August,  in  Hungarj,  is  21°  Cent 
(69°.8  Fah.) ;  in  DubHn,  which  is  situated  on  tJie  saow 
isothermal  hue  (or  hue  of  equal  mean  annual  temperatme) 
of  9  J°  Cent.  {49''.2  Pah.),  it  is  barely  16°  Cent.  (60''.8  Fah->  j 
the  mean  winter  temperatures  of  the  two  stationa  being 
S^.i  Cent.  (2r°.7  Fah.)  at  Buda,  and  4,".^  Cent.  (S9°S  Fah.) 
at  Dublin.  The  winter  temperature  of  Dublin  ia  Z"  Cent. 
(3°.6  Fah.)  higher  than  that  of  Milan,  Favia,  Padua,  and  of 
the  whole  of  Lombardy,  tJthongh  they  enjoy,  on  the  mean 
of  the  whole  year,  a  temperatute  of  at  least  \i°.7  Cent. 
(54>°.S  Fah.)  Stromness,  in  the  Orkneys,  not  half  a  de- 
gree south  of  Stockholm,  has  a  winter  temperature  of  4° 
Cent.  (3d°.2  !Fah.),  being  nearly  as  mild  as  London,  and 
milder  than  Paris.  Even  in  the  Faroe  Islands,  in  lat.  62°, 
under  the  favouring  influences  of  the  sea  and  of  west«J^ 
winds,  the  inland  waters  never  freeze.  On  the  lovely  coart 
of  Devonshire,  where  S^combe  Bay  has  been  called,  sn  ac- 
count of  its  mild  climate,  the  Montpelliei  of  the  North,  tlie 
Agave  Mexicana  has  been  seen  to  blossom  in  the  open  air, 
and  orange  trees  trained  against  esp^iers,  and  only  slightly 
protected  by  mate,  have  borne  firuit.  There,  and  at  Pen- 
zance ^d  Gosport,  as  well  as  at  Cherbou^  in  Normandy,  the 
mean  winter  temperature  is  above  5°.5  Cent.  (4-l°,8  Fah.), 
that  is,  only  1°.3  Cent.  (2°.4  Fah.)  lower  than  that  of 
MontpeUier  and  Florence.  {'**)  Hence  we  perceive  in  what 
a  vaiie^  of  ways  the  same  mean  annual  temperature  may  be 
distributed  in  the  different  seasons  of  tiie  year,  and  the  im- 
portant influence  of  this  distribntiou,  whether  considered  in 
reference  to  vegetation,  to  agricultoie,  to  the  ripening  of 
lioits,  or  to  the  comfort  and  well-being  of  man. 
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'  We  have  just  seen,  that  the  lines  which  I  have  called 
xsochimenals  and  isotherals  (oi  lines  of  equal  winter  and 
ecjnai  sumnter  temperature)]  are  by  no  means  parallel  with 
t-btt  isotJiermals,  or  lines  of  eqnai  annual  temperature.  If, 
liowerer,  in  coontriee  where  the  myrtle  grows  wild,  smi  the 
snow  does  not  continue  on  the  gronnd  during  winter,  the 
1:«nipa-atnre  of  summer  and  autumn  is  barely  sufHcient  to 
ripen  apples  thorou^y,— and  if  the  vine  {to  produce  drinfc- 
eMe  vine)  aroida  islands,  and  in  almost  all  cases  proximity 
to  coasts, — the  reason  is  by  no  meaus  exclusively  the  low 
smnmer  temperature  of  such  situations,  shewn  by  the 
thermometer  snspended  in  the  shade:  it  is  also  to  be 
soQght  ia  a  difference  which  has  been  hitherto  bnt  little 
considered,  although  known  to  be  most  actively  influential  in 
other  classes  of  phsenomena  (for  example,  in  the  bursting  into 
flame  of  a  mixture  of  hydrogen  and  chlorine),—!  mean  the 
difference  between  direct  and  difl'used  light;  or  that  which 
prevails  when  the  sky  is  clear,  and  when  it  is  veiled  by  cloud 
OT  mist.  I  long  since  (^**)  attempted  to  call  the  attention 
of  physicists  and  ratable  physiologists  to  this  difference, 
and  to  the  heat^  unmeasured  by  thermometers,  which  is 
locally  developed  in  the  vegetable  cells  by  the  action  of 
direct  hght. 

If  we  form  a  thermic  scale  of  different  kinds  of  cnltiva- 
tion,(M*)  beginning  with  that  which  requires  the  hottest 
cbmate,  and  proceeding  successively  from  vanilla,  cacoa, 
spices,  and  cocoa  nuts,  to  pine  apples,  sugar  cane,  coffee,  fruit- 
bearing  date  trees,  cotton,  citrons,  olives,  sweet  chestnuts,  and 
vines  producing  drinkable  wine,  an  exact  consideration  of 
their  various  limits,  both  on  plains  and  on  the  declivities  of 
mountains,  will  teach  us  that  in  this  respect  other  climatic  re- 
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lations  than  those  of  tn 
Taking  only  one  example,  the  cultivation  of  the  vine,^ 
the  production  of  drinkable  wine  ('**)  requires  not  only  % 
mean  annua!  temperature  of  above  9j-°  Cent.  (or49°.2Fah.), 
but  al^  a  winter  temperature  of  above  0°.6  Cent.  (32°.8 
Tah.),  followed  by  a  mean  summer  temperature  of  at  least 
18^  Cent.  (64".4  Fah.)  At  Bordeaux,  in  the  vaUey  of  the 
Gaionne,  in  lat.  41°  50',  the  mean  temperature  of 
tlie  year,  the  winter,  the  summer,  and  1^  autumn,  are 
respectively  1S°.8,  6°2,  21°.7,  and  14°.4  Cent.  (56°.8, 
'ii-Z^  2,  71°.0  and  bS^.O  Fak)  On  plains  in  tiie  vicinity  of 
the  Baltic  in  lat,  52j°,  where  a  wine  is  ptodnced  which 
though  it  is  used  can  scarcely  be  called  drinkable,  these  num- 
bers are  respectively  8°.6,  — 0°.7,  17°.6,  and  8°.6  Cent. 
(47''.5,  S0°.8,  63°.7,  and  IT^.S  Fah.)  If  it  should  appear 
strange  that  these  great  differences  in  the  influence  of  di- 
mate  on  the  production  of  wine  do  not  ahew  themselves  sUll 
more  markedly  in  the  indications  of  thennometers,  it  should 
be  remembered  that  an  instnunent  suspended  in  the  shade, 
and  carefully  protected  &om  the  direct  rays  of  the  son,  and 
tiom  nocturnal  radiation,  cannot  shew  at  all  seasons  of  tJie 
year,  and  daring  all  the  periodical  changes  of  temperature, 
the  true  heat  of  the  surface  of  the  ground,  which  receives 
the  whole  effect  of  the  sun's  rays. 

The  relation  of  the  nuld,  equable,  Httoral  climate  of  the 
peninsula  of  Brittany,  to  the  colder  winters  and  hotter  sum- 
mers of  the  more  compact  mass  of  the  rest  of  France,  re- 
sembles, to  a  certain  degree,  the  relation  of  the  dimate  of 
Europe  generally  to  that  of  the  great  continent  of  Asia, 
ot  which  it  is  the  western  peninsula.  Europe  owes  its  mildei 
chmate  to  its  interaected  form  and  deeply  indented  coast^ — 
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to  its  exposure  to  tte  prevailing  west  winds  which  have 
blown  across  the  ocean, — to  the  sea  free  from  ice  which 
separates  it  from  the  polar  regions, — and  lastly,  to  the 
existence  and  position  of  Africa,  with  its  wide  extent  of 
tropical  land  fovoniable  to  ibe  ascending  current,  while  the 
equatorial  l^on  to  the  south  of  Asia  is  for  the  most  part 
covered  by  the  ocean.  The  European  climate  would  there- 
fore become  colder,  ('*')  if  Africa  were  to  be  overflowed  by 
the  ocean, — or  if  the  fitbnlous  Atlantis  were  to  rise  from  the 
waves,  {jnd  connect  the  two  continents, — or,  finally,  if  eidier 
the  Gulf  stream  were  to  cease  to  extend  its  wanning  in- 
fluence to  the  Northern  Sea,  or  if  a  tract  of  land  were  to  be 
elevated  by  volcanic  forces  between  the  Scandinavian  penin- 
sula and  Spitzbergen.  If  in  Europe  the  mean  annual 
temperature  decreases  as  we  proceed  easterly  on  a  paraOel 
of  latitude,  fivm  the  Atlantic  coast  of  ^France  through 
Germany,  Poland,  and  Bussia,  to  the  chain  of  the  Ural ; — 
the  principal  cause  of  this  phcenomenon  is  to  be  sought 
in  the  form  of  the  continent  being  gradually  less  inter- 
sected, and  becoming  more  compact  and  extended, — in  the 
increasing  distance  from  the  sea, — and  in  the  feebler  influence 
of  westerly  winds.  Beyond  the  Ural,  westerly  winds  blow- 
ing over  wide  expanses  of  land  covered  during  several 
months  with  ice  and  snow,  become  cold  land  winds.  It  is 
to  such  circumstances  of  configuration  and  of  atmospberic 
currents  that  the  cold  of  western  Siberia  is  due,  and  by  no 
means  to  a  great  elevation  of  the  surface  above  the  level  of 
the  sea,  as  anciently  assumed  by  Hippocrates  and  Trogua 
Pompeiua,  (^ss)  and  still  related  by  travellers  of  some  celebrity 
in  the  eighteenth  century. 

If  from  differences  of  temperature  at  a  uniform  level,  we 
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proceed  to  tlie  ineqn^tieB  ot  the  form  of  the  surface  U 
QUI  planet,  we  have  to  coDsider  mountains,  eitlier  in  m- 
ference  to  their  influence  on  the  clini«t«  of  nedghbooring 
lowlands,  or  to  the  dimatiG  effects  of  tlieu  hypsometric  re- 
lations on  their  own  Bummits,  which  often  spread  oat  iido 
elevated  plains.  Monntain  chains  divide  the  surface  of  the 
earth  into  difFercatt  basins,  which  are  sometimes  nairov  and, 
aa  it  were,  wdled  in,  formiog  circular  valleys  or  calderas,  which 
(as  in  Qreece  and  in  parts  of  Asia  Minor)  occasion  climatca 
locally  individualised  in  reapect  to  warmth,  hjimidil^, 
atmospheric  transparency,  and  frequency  of  winds  and 
tempests.  These  circumstances  lave  at  all  times  exer- 
dsed  a  powerful  influence  on  natural  products,  and  on 
eultivatioii ;  as  well  aa  on  manners,  institutions,  and  the 
feelings  with  which  neighbouring  tribes  mutually  n^ard  each 
other.  The  character  oi  geographical  individualily,  if  we 
may  be  permitted  to  use  the  expression,  reaches  its  maximum 
in  countries  where  the  variety  of  the  form  of  the  ground  K 
the  greatest  possible,  both  in  the  vertical  and  the  horizontal 
direction,  both  in  relief  and  in  the  oonflgnratiim  of  the  coast 
line.  The  greatest  contrasts  to  this  variety  of  ground  are 
fonnd  in  the  stf^pee  of  M^orthem  Asia,  in  the  grassy  plains 
(savannahs,  llanos,  and  pampas)  of  the  new  continent,  in  the 
heaths  of  Europe,  and  in  the  sandy  iuid  stony  deserts  of  Africa. 
The  law  of  the  decrement  of  heat  with  increasing  elev»> 
tion  in  difl'erent  latitudes  has  a  most  important  bearing  on 
meteorological  processes,  on  the  geography  of  plants,  on  the 
theory  of  terrestrial  refraction,  mi  on  the  difEerent  hypo- 
theses on  which  the  height  of  our  atmosphere  is  estimated. 
In  the  many  mountain  joum^s  which  I  have  undertaken, 
both  within  and  beyond  the  limits  of  the  tropics,  the  investi- 
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^^tion  of  this  Isv  has  alwa^  been  an  e^wcial  object  of  mj 
roaeaiches.  {^^) 

Snce  we  have  obtained  R  Hnnevliat  mote  «iact  knowledge  of 
tiie  distribatioD  of  heat  on  the  sor&ce  of  the  earth, —namely, 
of  the  inflections  of  the  isoAvnul,  isctheral,  and  iaocbim- 
enal  lines,  and  of  tiieu  aneqaal  distances  apart  in  the 
different  systems  of  tempenttore  of  Eastern  and  Western 
Asia,  of  central  Europe,  and  (tf  North  America, — it  is  no 
longer  admissible  to  ask  as  a  general  qnestion,  to  what  fraction 
of  the  mean  annual  or  mean  summer  temperature  a  change  of 
one  degree  of  gei^raphical  latitude,  taken  in  a  porticnlar 
meridian,  corresponds.  In  eaeh  system  of  isothermal  lines 
of  eqnal  corratore,  there  reigns  an  intimate  and  necessaiy 
connection  between  three  elements ; — the  decrease  of  heat  in 
s  perpendicular  direction  from  below  npwards, — the  variation 
of  temperature  corresponding  to  a  change  of  one  degree  of 
geographical  latitude,  — and  the  relation  which  exists  between 
tbe  mean  temperature  of  a  station  on  a  mountain,  and  the 
latitude  of  a  point  situated  at  the  level  of  the  sea. 

In  the  system  of  Eastern  America,  the  mean  annual  tem- 
perature varies  Crom  the  coast  of  Labrador  to  Boston  0°.8S 
Gent.  (1°.58  Fah.)  for  each  d^ree  of  latitude ;  &om  Boston 
to  CSiarieaton  0°.95  Cent.  (1='.71  I^.)  j  fix«n  Charleston  to 
the  iToj^o  of  Cancer  in  the  island  of  Cnba,  the  variation 
diminishes,  being  only  0°.66  Cent.  (1°.19  Fah.)  Within 
the  tropic  the  diminution  decreases  to  such  a  degree  that 
from  Havannah  to  Cnmana,  the  vaiiation  is  not  more  than 
0°.80  Gait.  (0''.36  iWi.)  for  each  degree  of  latitude. 

In  the  system  of  isothermal  Hnes  of  central  Europe,  the 
case  is  quite  otherwise.  Between  the  parallels  of  38°  and 
T 1",  I  find  the  decrease  of  temperature .  to  be  with  consideta^ 
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qle  anifbnnitj  0^.5  Gent.  (0°.9  Fah.)  for  one  degree  of 
latitude.  But  as  a  decrease  of  temperature  of  1°.0  CJent. 
"(l.^S  Fob.)  correspooda  to  an  increase  of  vertical  ^eratHHi 
of  480  to  5Za  French  feet  (512  to  556  English),  it  foUows 
that  a  difference  of  elevation  of  24<0  to  S64  Fr^ich 
feet  (253  to  278  English)  produces  the  same  effect  on  the 
annual  tonperatuie  as  a  diange  of  one  degree  (^  latitude. 
The  mean  annual  temperature  at  the  Ccmvent  on  the  Great 
•  St.  Bernard,  at  theelevationof7668French(8173Eiiglish) 
feet  in  lat.  45°  50',  should  therefore  be  found  at  the  level  of 
the  sea  in  lat.  75°  50'. 

In  that  portion  of  the  chain  of  the  Andes  which  ftjla 
within  the  tropics,  observati(ms,  ma^le  by  myself  at  variotis  ele- 
vations from  the  sea-level  to  a  height  of  18000  French  feet 
(19185  Ei^lish),  gave  a  decrease  of  temperature  of  1°  Cent. 
{1°.8  Ffth.)  for  576  French  feet  (614  English).  Myfriend 
Boussingault  found,  as  a  mean  result,  thirty  years  afterwards, 
540  French  feet  (575  English).  By  a  comparison  of  places 
in  the  Cordilleras,  at  equal  elevations  above  the  level  of  the  eea, 
bat  situated  some  on  the  declivities  of  jnountains,  and  others 
on  extensive  table  lands,  I  found  that  the  latter  class  of  stations 
shewed  a  higher  annn^  temperature  varying  &om  1°.5  Cent, 
to  3°  Cent.  (2°. 7  to  4''.2  Fah.)  j  and  the  difference  would  be 
still  greater  if  it  were  not  for  the  cooling  effect  of  nocturnal 
radiation.  As  the  various  climates  are  here  placed  succeasivdy 
stage  above  stage,  from  the  cacao  plantations  of  the  lowlands 
to  the  limit  of  perpetual  snow;  and  as  the  differences  of  tem- 
peratuie  in  the  course  of  the  year  are  very  small,  we  may 
obt^  a  tolerably  accurate  representation  of  the  climates 
experienced  by  the  iohabitants  of  the  lai^  towns  in  the 
Andes,  by  comparing  them  with  the  temperatures  of  parti-      I 
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cnlar  months  in  the  plams  of  Fiance  and  Italy,  While  tlie 
heat  which  pievaila  daily  on  the  forest-covered  banks  of  tlie 
Orinoco  is  4°. 0  Cent.  (7°  2  Fah.)  greater  tlian  tliat  of  tlte 
month  of  August  at  Palnmo,  we  fiiid  on  ascending  tlie 
chain  of  the  Andes,  at  Fopayan,  (at  an  elevation  of 
&8S6  Enghsh  feet),  the  mean  temperature  of  the  tliree 
summer  months  at  Marseilles ;  at  Quito,  (at  a  heiglit  of 
9541  English  feet),  that  of  the  end  of  the  month  of  May 
at  Faiis;  and,  on  the  paramos,  (at  an  altitude  of  11510 
English  feet),  where  only  dwarf  Alpine  bushes  grow 
though  flowers  are  still  numerous,  tlint  of  the  beginning  of 
April  at  Paris, 

The  ingenious  P^er  Martyr  de  Anghiera,  one  of  tlie 
friends  of  Christopher  Columbus,  seems  to  liave  been  the 
first  to  recognise  (in  the  expedition  undertaken  in  October 
1510  by  Eodrigo  Enrique  Colmenares)  ihat  the  snow  line 
becomes  always  higher  as  the  equator  is  approached.  AVc 
read  in  the  iine  work,  entided  De  rebus  Oceanicini*"") : — 
*  The  river  Gaira  comes  &om  a  mountain  (in  the  Sierra  Ne- 
vada of  Santa  Martha),  which,  according  to  the  report  of 
Colmenares's  travelling  companions,  is  higher  than  any 
mountain  hitherto  discovered ;  doubtless  it  must  be  so,  if  in 
a  zone  distant  not  more  than  10°  from  the  equinoctial  line, 
it  yet  retains  snow  permanently."  The  lower  limit  of  per- 
petual snow  in  a  given  latitude  is  the  boundary  line  of  the 
snow  which  resists  the  efl'ect  of  the  summer ;  it  is  the  highest 
devation  to  which  the  snow  hne  recedes  in  the  course  of 
the  whole  year.  We  must  distinguish  between  the  limi^ 
thus  defined,  and  three  other  phfcnomeiia ;  viz.  the  araiual 
fluctuation  of  the  snow  line ;  the  phenomenon  of  sporadic 
Ms  of  snow ;  and  the  existence  of  glaciers,  wliich  appear  tc  bo 
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peculiar  io  the  tcanpentto  and  cold  zones,  and  on  vUch, 
since  the  JnunortoL  work  of  Saussure,  a  new  light  has  of  late 
years  been  thrown  by  Yenetz  and  Charpentier,  and  by  tha 
meritorioufl  and  intrepid  persererance  of  Agassiz. 

We  know  only  the  iawer  and  not  the  appe-r  linait  of 
perpetual  snow,  for  the  highest  moontains  of  the  earth  are 
&r  &om  attairang  to  those  stiatit  of  highly  rarefied  and  ex- 
cessively dry  air,  concerning  which  we  may  suppose,  with 
Bougaer,  that  tiiey  no  loaga  contain  vesicular  vapour 
es^able  of  being  converted  into  dystals  d  snow,  and  of  thna 
becoming  viable.  The  lower  limit  of  prapetual  snow  is  not, 
however,  a.  mere  fonction  of  the  geographical  latitude,  or  of 
the  mean  annual  temperature,  nor  is  it  even  under  the 
equator  aa  was  long  supposed,  or  even  within  the  tropica, 
that  the  snow  hue  reaches  its  greatest  elevation  above  the 
level  of  the  sea.  The  phtenomenon  ia  a  very  compHcated 
one,  depending  generaJlj  on  relations  of  temperature  and 
moisture,  and  on  the  pecuhar  shape  of  the  mountains  :  if 
these  relations  are  subjected  to  a  still  more  particolai 
analysis,  which  a  great  number  of  recent  determinationa 
reudeis  possible,  (^')  we  shall  recognise,  as  concurrent  causes, 
the  dtffetences  of  temperature  in  the  different  seasons  of  the 
year, — ^the  direction  of  the  prevaiHng  winds,  and  whd:her 
they  have  blown  over  land  or  sea, — the  degree  of  dryness 
or  of  moisture  of  the  upper  strata  of  air, — the  absolute 
thieknees  of  the  accumulated  mass  of  fallen  snow, — the 
relation  of  the  height  of  the  snow  line  to  tlie  total  height  of 
file  motmtain, — the  position  of  the  latter  in  the  chain  of 
which  it  forms  a  part, — the  steepness  of  its  dechvities, — ^the 
n<nnity  of  other  summits  also  covered  with  perpetual 
now, — the  extent,  position,  and  elevation  of  the  plain  firom 
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^rhich  the  enov-ct^iped  moantaiu  riseSj  eitha  solitaiiI/>  or  u 
e  portdon  of  a  group  or  cliaiii, — and  whether  this  plain  maj 
1>e  p^  of  the  sea  coasts  or  of  the  interior  of  a  continent, 
irhdiher  wooded  or  grassy,  of  arid  sand  or  rock,  or,  on  the 
contrwcj,  wet  and  marshy. 

.  Under  the  equator  in  South  America,  the  height  of  the 
mow  hue  is  equal  to  that  ot  the  summit  of  Mount  Blanc  ia 
£urope,  and  desoeuds,  according  to  recemt  measnrementji, 
.960  French  feet  (1023  Ei^h)  lower  in  the  highlands  Of 
Mexico,  in  lat.  19°  North;  in  the  southern  tropic,  on  the 
coattaij,  in  144°  to  1S°  8.  lat.,  it  lueenda,  aocording  to 
f  oitland,  to  en  elevation  of  2500  French  (2665  Engtish) 
feet  above  that  which  it  attains  under  the  equator  not  &t 
tsom  Quito,  on  CSmnborazo,  Cotopazi,  and  Antisana ;  this 
SBceot  of  the  snow  line  does  not  take  place  in  the  eastern 
part  c^  the  CordiQleras,  but  in  the  western  and  maritiiDe 
chain  of  the  Andes  of  Chih.  Dr.  Gilhes  affirms  that 
even  much  farther  to  the  sootli,  on  the  dechvity  of  ths 
volcano  of  Feuquenes  (lat  S3°),  he  found  the  snow  hoe 
reach  an  elevation  of  between  2270  T.  and  2350  T. 
(14520  and  15030  £n^h  feet).  The  evaporation  of  the 
snow  in  the  excessively  dry  air  of  summer  and  under  a 
cloudless  sky  is  so  powerful,  that  the  volcano  of  Aconct^ua, 
Dorth-east  of  Yalparaiso,  in  S.  lat.  32^°  (the  elevation  ol 
which  was  found  by  the  Espediticm  of  the  Be^le  to  b* 
1400  feet  above  that  of  Chimborarai),  was  once  seen  free  t!t<»a  . 
enow.  (*^)  In  an  almost  equal  northern  latitude  (SO'' 45 
to  31°)  the  snow  line  on  the  eouthem  declivity  of  the 
Himalaya  has  au  elevation  of  12180  French  feet  (12982 
English),  which  is  nearly  that  which  might  have  been  coa- 
jecturally  ass^ed  to  it  from  many  combinations  and  otai^ 
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parisons  nilh  other  monntain  chains ;  bat  on  the  northern 
declivity,  undei  the  mflnence  of  the  high  lands  of  Thibet, 
vhose  mean  elevation  appears  to  be  about  lOSOO   French 
feet  (1 1510  English),  the  snow  limit  attains  a  height  of 
15600  French  feet  (166S0  English).     This  phtenomenon 
was  long  contested  both  in  Europe  and  in  India,   and 
I  have  developed  mj  views  respecting  its  causes  on  several 
occasions  since  the  year  18ii0:  {*"')   it  is  interesting  in 
mother  point  of  view  besides  the  pui«ly  physical  one^ 
for  it  has  exetcised  an  important  influence  on  the  mode 
</  life  of  numeions  tribes ;  meteorological  processes  in  the 
atmosphere  eith^  &vouf  or  foibid  an  ^[ricuituial  or  a  pas- 
toral life  to  the  inhabitants  of  extensive  tracts  of  continent. 
As  the  quantity  of  moistore  in  the  atmosphere  increases 
with  the  temperatnie,  this  element,  so  important  for  the  whole 
organic  creation,  varies  with  the  hour  of  the  day,  the  season 
of  the  year,  and  the  degree  of  latitude  and  of  elevation.     Our 
knowledge  of  the  hygrometrie  relations  of  the  atmosphere 
has  been  materially  aigumentfid  of  late  years  by  the  method 
now  so  generally  and  extensively  employed,  of  determining 
the  rdative  quantity  of  vapour,  or  the  condition  of  moisture 
of  the  atmosphere,  by  means  of  the  difl'erence  of  the  dew 
point  and  of  the  temperature  of  the  air,  according  to  the  ideas 
of  Dalton  and  of  Daniell,  and  by  the  use  of  the  wet  bulb 
Uiermometer.     Temperatnie,  atmospheric  pressure,  and  the 
direction  of  the  wind,  have  all  a  most  intimate  relation  to 
the  atmospheric  moisture  so  essential  to  organic  life.    The 
influence,  however,  of  humidity  on  organic  life,  is  less  s 
consequence  of  the  quantity  of  vapour  held  in  solution  under 
different  zones,  than  of  the  natur*  and  frequency  of  ths 
aqueouB  precipitations  which  reliesh  xue  ground  in  the  form  of  t- 
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dewj  mist^  rain,  or  snow.  According  to  Dove,  {^)  in  onr 
xiorthem  zone  "  the  elastic  force  of  the  vaponr  is  greatest  with 
sonth-west,  and  least  with  north-east  winds ;  it  diminishes 
<m  the  western  side  of  the  windrose,  and  rises  on  the  eastern 
side.  On  the  western  side  of  the  windrose,  the  cold,  dense, 
and  dry  current  represses  the  warm  and  Ught  cnrrent  eon . 
laimng  an  abundance  of  aqueous  vapour,  while,  on  the  eastern 
side,  the  contrary  takes  phtce.  The  sonth-west  is  the 
equatorial  current  which  has  descended  through  the  lower 
aurrent  to  the  sui^tce  of  the  earth ;  the  north-east  is  the 
polar  current  prevailing  undisturbed." 

The  a^ireeable  and  fresh  verdure  which  many  trees  preserve 
in  diRtricts  within  the  tropics,  where  for  Erom  five  to  sevea 
months  no  cloud  is  seen  on  the  vault  of  heaven,  and  uo  pcr- 
oqitible  dew  or  rain  fells,  proves  that  their  leaves  are 
capable  of  drawing  water  from  the  atmosphere  by  a 
vital  process  of  their  own,  which  perhaps  is  not  simply 
that  of  producmg  cold  by  radiation.  The  absence  of  rain  in 
the  arid  plains  of  Cumana,  Coio,  and  Ceara  (in  Tforth 
Brazil),  is  contrasted  with  tiie  abundance  of  rain  which 
falb  in  other  places  within  tiie  tropics ;  for  example,  at  the 
Havannah,  where,  by  the  average  of  six  years  of  observation 
by  Bamon  de  la  Sagra,  the  mean  annual  quantity  of  rain 
is  102  Parisian  inches,  which  is  four  or  five  times  as  much 
as  falls  at  Paris  or  at  Geneva.  (*"*)  On  the  declivities  of 
the  chain  of  the  Andes,  the  quantity  of  rain  as  well  as 
the  temperature  decreases  with  increasing  elevation.  (*"*) 
My  South  American  travelling  companion,  Caldas,  found 
that  ^e  annual  quantity  of  rain  at  Santa  Fi  de  B<^ot^  at 
an  elevation  of  nearly  8700  EngKsh  feet,  did  not  exceed 
87  Parisian  inches,  little  more  than  on  some  of  the  western 
coasts  of  Europe.      At  Quito,   Eonssingault  aometimn 


832  PHYSICAL  aXOOSAPHT. 

taw  Saussnre's  hygrometer  recede  to  26°,  with  a  temperature 
ot  12°  to  13°  C.    (53°.6  to  55°.4  Fah.)      Qay-Iiussac, 
in  hia  great  aerostatic  ascent,  in  a  stratum  of   air  66Q(> 
French  feet  (7031  English)  high,  with  a  temperatare  of 
4°  C.  (S9°.2  fah.)  saw  the  iame  hygrometer  at  25°.3.     Bib 
greatest  d^ree  of  dryness  which  has  yet  been  observed  <» 
the  sniface  of  tlie  globe  in  the  lowlan<b  is  probably  thai 
which  Qustav   Eose,    Ehrenberg,   and  myself,   found   in 
Kwthem  A^  between  the  Talleys  of  the  Irtysch  and  the 
Obi. '  In  the  eteppe  of  Platowskaia,  after  south-west  windg 
had  blown  for  a  long  time  from  the  interior  of  the  continent 
withatemperatnreof  23°.7C.  (74°,7  Pah.),  we  found  the  dew 
point  — 4°.S  C.  (24°  Pah.) ;  the  air,  therefore,  contained  onlj 
sixteen  parts  in  a  hundred  of  the  quantity  of  vapour  required 
for  saturation.  (*"'}    Accurate  observers,  Ksmta,  Bravais,  and 
Martins,  have  in  tiie  last  few  years  raised  doubts  concerning 
the  greater  dryness  of  mountain  air,  which  appe^ffs  to  foUow 
from  the  hygrometric  measurements  made  by  De  Saussure  and 
myself  in  the  higher  regions  of  the  Alps  Mid  of  the  CordiUeraB. 
The  more  recent  observations  referred  to  famish  a  com. 
parison  of  the  strata  of  air  at  Zurich  and  on  the  Paulhom ; 
but  the  ktt«r  scarcely  deserves  the  name  of  an  devated 
mountain  station.  {*'*^)      The  moisture   by  which,   in  the 
tropical  region  of  1ihe  puamos  (near  the  part  where  snow 
b£^B  to  fall,  between  12000  and  14000  English  feet  of  eleva- 
tion,) some  kinds  of  large-flowered  myrtle-leaved  alpine  shrubs 
are  almost  perpetually  bathed,  does  not  necessarily  imply 
tiie  presence  of  a  large  abscJute  quantity  of  aqueous  vapour 
ett  that  height ;  it  only  proves,  as  do  the  abundant  mists  oo 
the  fine  plateau  of  Bogoti,  the  frequency  of  aqueous  precipi- 
tations.    At  such  elevations,  with  a  calm  state  of  the  atmo- 
sphere,  mists  ariw  and  disappeai  several  times  in  the  coom 
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of  an  hooT.  TIie«e  rapid  Blternations  (diancterise  the  elevated 
plains  and  paramos  of  the  chain  of  the  Andes, 

The  electrieity  of  the  atmoBpkere,  vhether  ootwideied 
in  the  lower  regions  of  the  air  or  in  the  canopy  of  the  clouds, 
whether  studied  in  its  aHent  problematical  diurnal  march,  or 
m  explosions  in  the  lightning  uid  thonder  of  the  tem- 
pest, shews  itself  in  manifold  relation  bo  the  phsenomena 
of  the  diatribution  of  heat, — of  the  pressure  of  the  atmosphere 
and  its  disturbances, — of  hydio-meteoric  pheenomena  (or 
watery  precipitations), — and  probably  also  of  the  magnetism 
of  the  outer  crust  of  the  globe.  It  acts  powerfully  on  the  whole 
animal  and  vegetable  world,  not  only  indirectly  through  the 
agency  of  jneteorolt^cal  procesaeo,  the  precipitations  of 
aqueous  vapour,  and  the  acid  or  ammoniacal  combiuations 
occasioned  by  it,  but  aUo  in  a  direct  manner  as  an  electric  forrc 
stimulating  the  nerves  and  promoting  the  circulation  of  the 
o^aic  jukes.  This  is  not  the  place  to  renew  the  discussion 
concerning  the  proper  source  of  atDKupherictd  electricity  when 
flte  sky  is  clear.  Its  existence  has  been  ascribed,  sometimes 
to  the  evaporation  of  impure  finida  (impregnated  with  earths 
or  with  salts),  (*°^)  sometimes  to  the  growth  of  plants,  {*'") 
or  to  chemical  decompositions  taking  place  at  the  surface  of 
t^  earth,  sometimes  to  the  unequal  distribution  of  heat  in 
the  atmospheric  strata,  (*^')  and,  lastly,  sometimes,  according 
to  Peltier's  ingmous  investigations,  to  the  influence  of  a 
constant  charge  of  negative  electricity  in  the  terrestrial 
globe.  {*")  The  physical  description  of  the  universe, 
limiting  itself  to  the  results  given  by  electrometric  observa- 
tions, (particularly  those  made  with  the  ingenious  electro- 
magnetic apparatus  first  pn^oeed  by  Colladon),  has  (mlf 
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to  notice  tlie  inconteatable  increase  of  the  teufdon  of  podtire 
electricity  accompanying  the  increased  deradou  of  the 
station, and  the  absence  of  neighbouring  trees,  {"^)  its 
daily  variations,  which  take  place,  according  to  Clarke's 
experiments  at  Dublin,  in  more  complicated  periods  than 
those  found  by  Saossnie  and  myself,  and  its  variations  at 
difEerent  seasons  of  the  year,  at  different  distances  from  the 
equator,  and  under  different  relations  of  continental  ux 
oceanic  surface. 

The  electric  equilibrinm  is  more  rarely  disturbed  where 
Uie  aerinl  ocean  rests  on  a  liquid  base,  than  where  it  rests 
on  land ;  but  it  is  very  striking  to  notice  in  extensive  sess 
the  influence  which  small  groups  of  islands  exercise  on  tbe 
state  of  the  atmosphere  in  occasionmg  the  formation  of  storms. 
In  togs,  and  in  the  commencement  of  falls  of  snow,  I  have 
seen  the  previously  permanent  vitreous  electricity  pass  rapidl;^ 
into  resinous,  and  the  two  alternate  repeatedly,  during  loi^ 
eoies  of  experiments  made  both  in  the  plains  of  the  colder  latv 
tildes  and  in  the  paramos  of  the  Cordilleras,  at  elevations  from 
,  11000  to  15000  English  feet  under  the  tropics.  The  alt«r- 
nate  transition  was  quite  similar  to  that  shewn  by  the  electro* 
meter  a  short  time  before  and  during  a  thunderstorm.  (*'•) 
When  the  vesicular  vapour  has  condensed  into  clouds  with 
de&iile  outlines,  the  electricity  of  the  separate  vesicles  of 
vapour  passes  to  the  surface  of  the  cloud,  and  contributes  to  ia- 
cicase  the  general  electric  tension  of  the  exterior  surface,  (*'*) 
According  fo  Peltier's  experiments  at  Paris,  slate-grey  clouds 
have  resinous,  and  white,  rose,  and  orange-coloured  clouds 
have  vitreous  electricity.  Thunder  clouds  not  only  envelop 
the  highest  summits  of  the  Andes, — (I  have  myself  seen  the 
vitri^ing  ^ects  of  lightning  on  one  of  the  rocky  pinnacle)  ■ 
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whidi  rise  above  the  eiater  of  the  volcano  of  Tolaca,  at  an 
deration  of  nearly  15300  English  feet], — bat  they  have  also 
been  seen  over  the  lowlands  in  the  temperate  zone  at  a 
xoeasured  votictd  elevation  of  25000  (26650  English)  feeU 
On  the  other  handj  the  stratum  of  cload  in  which  thunder  is 
taking  place  sometimes  sinlcs  to  a  height  of  only  5000  or 
even  3000  fe^  above  the  plain. 

According  to  At^'a  investigations,  which  are  the  most 
complete  and  compehensive  that  we  yei  possess  on  this 
difficult  portion  of  meteorology,  the  disengagement  of  light 
(l^fhtning)  is  of  three  kinds:  the.  zigzag  fonn,  sharply 
defined  at  the  edges ;  lightning  without  definite  form,  illumi- 
nating at  the  same  iustant'the  whole  cloud,  which  appeais 
as  it  w««  to  open  and  display  ite  inner  recesses;  and 
lightning  in  the  form  of  baUs  of  fire.  (*'*)  The  duration 
of  the  two  first  kinds  is  scarcely  the  thooaandth  part  of  a 
second ;  but  the  globular  lightning  moves  &r  more  slowly, 
its  appearance  lasting  for  several  seconds.  Becent  observa- 
tions confirm  the  phieiiomeiion  described  by  Nicholson  and 
Beccaiia,  in  which,  without  any  audible  thunder  or  any  indi- 
cation of  storm,  isolated  clouds  remain  stationary  f'>r 
some  time  high  above  the  horizon,  and  lightning  pro- 
ceeds uninterruptedly  both  from  thdr  interior  and  from 
their  margins :  hailstones,  drops  of  rain,  and  flakes  of 
snow,  liave  also  been  seen  to  appear  luminous  with 
electric  light  when  there  has  been  no  thunder.  In  the 
geographical  distribution  of  thunder-storms,  the  Peru- 
vian coast,  where  thunder  and  lightning  are  unknown.  (*'7/ 
presents  the  most  striking  oontrast  to  the  rest  of  tihe  torn  J 
tone,  in  which  at  certain  seasons  of  the  year  storms  take 
place  almost  daUy,  four  or  five  hours  after  the  sun  has  reached 
VOL.  I.  2  a 
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ita  meridian  altitude.  According  to  the  testimony  of  nari* 
gators  (Scoresb;,  Parry,  Rosa,  and  FEanUui),  as  collected 
bj  Arago,  it  is  tmdoubt«d  that  in  general  in  the  high  northmi 
legions,  between  70°  and  75°  of  latitude,  electric  explosiau 
we  ezceedingl;  rare,{*'8) 

The  meteondogical  portion  of  the  description  of  nature, 
which  we  are  now  condnding,  shews  thatthe  various  processes 
which  the  vast  aeri^  ocean  piesents, — the  absorption  of 
light,  the  diseng^em^  cS  heat,  tJie  variation  of  elastic  forct^ 
the  hygrometric  condition,  and  the  electric  tension, — are  all  so 
intimately  connected,  that  eacit  separate  met«OTological  pn>- 
oesa  is  simultaneously  modiHed  by  aU  the  rest.  This  com> 
plesity  of  disturbing  causes,  {which  reminds  us  involuntarily 
.of  those  whidi  the  near,  and  especially  the  small,  cosmicd 
bodies,  the  satellites,  comets,  and  shooting  stars,  encounter  id 
their  course  through  space),  makes  it  very  difBcolt  to  ^ve 
the  full  interpretation  of  meteorological  phcenomena ;  and 
the  same  cause  greatly  limita  or  wholly  precludes  the  posst- 
bility  of  that  prediction  of  atmospheric  changes,  which  would 
be  so  important  for  agriculture  and  horticulture,  for  nasi- 
gation,  and  for  the  convenience  and  pleasures  of  life.  Those 
who  place  the  value  of  meteorology  not  in  the  knowledge  of 
tlie  phscnomena  themselves,  but  in  this  problematical  powa 
of  prediction,  are  imbued  with  a  firm  persuasion  that  this 
branch  of  science,  for  the  sake  of  which  eo  many  journeys 
iu  distant  mountain  regions  have  been  undertaken,  has  {ts 
centuries  achieved  no  progress  whereof  to  boast.  THit  «mfi- 
dence  which  they  refuse  to  physical  philosophers  they  bestow 
on  changes  of  the  moon,  and  on  certain  days  long  marked 
in  the  calendar. 

Great  deviations   from  the  mean  distribution  of  ta^ 
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petatnie  an  teldom  local  in  thdr 
«ie  for  Uie  lacwt  part  diatribided  in  a 
over  eitenuve  dktncU.  1^  tunoant  of  deviitaoii  has  iti 
znaximiim  at  Bome  one  drtenunate  place,  in  needing  from 
which  it  de(3«ase8  gndnally  until  its  limita  are  leaehed ;  and 
Then  ihese  limibi  are  poesed,  gnat  dsviationa  m  the  oppo< 
site  direction  an  met  wi&.  Kmilar  relations  of  weather 
ettend  more  often  &oia  south  to  north  than  bom  west  to 
sset.  At  the  end  of  1889  (^ben  I  had  jiut  completed  mjr 
Sibeiwn  jooritey)  the  maximnm  of  cold  was  at  Berlin,  while 
North  America  oijoyed  unumal  warmth.  'Sbt  atnomptioa 
ihat  a  severe  winter  will  be  followed  hy  a  hot  summer,  or 
a  mild  wint«r  by  »  cool  Bummer,  is  a  wholly  arbitrary  ana, 
resting  on  no  foandation.  Opposite  eoikbtionB  of  weatliet 
in  adjacent  coantries,  or  m  two  com-piodaciBg  continent^ 
are  the  means  <A  effecting  a  beneficial  eqnalwation  in  the 
laices  of  many  products  of  cultiration. 

It  has  been  justly  rsn&rked  that  it  is  the  btitcaneter  alone 
which  mdicates  to  as  what  is  taking  pbce  in  all  the  stiata 
ef  air  above  the  place  (A  obwmiation,  (*^^)  while  the  th«BBii>> 
meter  and  hygrometer  sxe  pmely  looal,  and  can  only  inftxu 
ue  sonoemiiig  tits  warmth  and  ffloistnce  of  the  lowert 
8tiatmaiscla6e^(»:iinitytotiie^Hsd.  ThesiinalUKeons 
thermic  and  hygrometrio  modifications  of  the  wppat  regtomi 
of  the  aboospho'e  (when  direct  obs^vatione  on  mountoins 
(ff  in  aerostatic  aec^ts  aie  wanting),  can  be  sought  only  by 
hypothetical  ctmibinatione,  whereby  the  bawm^m  may  indeed 
serve  also  to  determine  temperature  and  moiatura  IJDipor- 
tant  changes  of  weather  do  not  nsnally  arise  &om  a  local 
<»use  situated  at  the  place  of  observation  itself :  their  origin 
is  to  be  looked  for  in  a  disturbance  of  the  equilibxiom 
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vf  the  cDirente  of  the  atmosphere  whtdi  has  begtm  afii 
off,  ^d  generally  not  at  th«  snrface  of  the  earth  bat  in  ibe 
higher  r^ons,  and  wMck,  bringing  with  it  either  waim  w 
cold,  dry  or  moist,  oii,  either  renders  the  sky  and  &e 
aboosph^e.cloady  and  thick,  or  serene  and  clear,  by  traus- 
forming  the  towaing  masses  of  cnmoli  into  light  fbathery 
dirrous  clouds.  As,  therefore,  tlie  inaccessibility  of  the 
primary  phienomena  is  added  to  the  multiplicity  and  com- 
plication of  disturbances,  it  has  always  appeared  to  me  ^ai 
meteorology  mnst  seek  its  fonndations  and  its  advance  first 
in  the  torrid  zone ;  in  those  mure  favoured  regions  where 
the  same  breezes  always  blow,  nnd  where  tlie  ebb  and  Sow  <tf 
atmoapheiio  pressure,  the  course  of  hydro-meteors,  and  the 
phtenameDft  of  dectiic  explosions,  all  recur  periodically. 

Having  now  passed  through  the  entire  circle  of  terrestrial 
inorganic  nature, — having  considered  our  planet  in  respect  to 
its  form,  its  internal  heat,  its  electro-magnetic  charge,  its 
polar  luminous  effiisions,  the  reaction  of  its  interior  on  its 
variously  composed  crust,  and  finally  the  pfaeenomena  of  ita 
oceanic  and  atmospheric  envelopes, — the  view  which  we  have 
essayed  to  trace  in  broad  and  general  outlines  might  be  »■ 
garded  as  complete,  and  would  be  so  according  to  the  lini- 
tatioQ  formerly  adopt«d  in  pbysical  descriptions  of  the 
globe.  But  the  plan  which  I  have  proposed  to  myself  has 
a  more  elevated  aim,  and  I  should  regard  the  contemplation 
of  nature  as  deprived  of  ita  most  attractive  featmei  woe 
it  not  also  to  indnde  the  sphere  of  oi^^c  life  with 
its  many  gradations  of  development.  The  idea  of  life  is 
so  intimately  connected  with  the  moving,  combining, 
foiming,  and  decomposing  forces  which  are  incessantly  iB 
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action  in  tbe  ^obe  itselt  that  the  oldrat  mjrthicBl  reprercn ' 
tations  of  many  nations  ascribe  to  these  forces  the  prodao 
tion  of  plants  tmd  animals,  and  represent  the  epoch  in  which 
the  snrface  of  oar  planet  was  nuenlivened  by  uiimated  fonns, 
ds  that  of  a  primeval  chaos  of  conflicting  elements.  But 
iavestigations  into  primary  causes,  or  into  the  mysteriona 
anresolvable  problems  of  origin,  do  not  enter  into  the  domain 
of  experience  and  observation;  nor  has  the  ofascnie  com* 
meocemEmt  of  ttie  history  of  oqi;anis&tion  s  place  in  the  de- 
sctiptioQ  of  the  actual  ctmdition  of  onr  planet.  C^")  These 
reservations  once  made,  it  shonldstjll  be  noticed  m  the 
physical  description  of  the  world,  that  all  those  substances 
which  compose  the  organic  forms  of  plants  and  animals  are 
also  found  in  the  inorganic  crust  of  the  earth;  and  that  the 
samepowers  which  govern  inorganic  matter  are  seen  to  pre- 
vail in  organic  beings  likewise,  combining  and  decomposbig 
Uie  various  suhstancea,  regulating  the  forms  and  properties 
of  organic  tissues,  but  acting  in  these  cases  wider  conditions 
yet  nnesplained,  to  which  the  vague  term  of  "vital  phe* 
nomene"  has  been  assigned,  and  which  have  been  systematic 
cally  grouped  according  to  analogies  more  or  less  happOy 
imagined.  Hence  has  aiisen  a  tendracy  of  the  mind  to  trace 
the  action  of  physical  forces  to  their  estremest  limits  in  the 
development  of  vegetable  forms,  and  of  those  organisms  which 
ore  endowed  with  powers  of  voluntary  motion :  and  here> 
also,  the  contemplation  of  inorganic  nature  becomes  con- 
nected with  the  distribution  of  oi^puic  beings  over  the  but- 
faoe  of  the  globe,  i.  e.  the  geography  of  plants  and  animals. 
Without  attempting  to  enter  on  the  difQcult  question  of 
"epontaneoua  motioi^"  or  the  difference  between  vegetable 


8M  OKOANIC  UfS. 

ud  animal  Kfe,  it  may  be  remariced  tliat  if  nature  had 
endowed  ns  with  a  microscopic  power  of  ™ion,  and  i£  the 
integnments  of  plants  had  been  perfecfly  transpaient,  the 
t^^ble  kingdom  voidd  be  far  from  presenting  to  us  that 
aspect  (rf  immobility  and  repose  which  our  perceptions  now 
asoibe  to  it.  The  internal  parte  of  the  cellnlai  stractore  aie 
incessantly  sninuited  by  the  most  various  cuiieuts :  ascending 
•ad  descending,  rotetiBg,  ramifying,  and  continually  cliangmg 
tfaeir  direction,  they  manifest  themselves  by  tbe  move- 
ments of  a  granular  mucilsginons  fluid  in  water  plants 
(naiades,  chuaces,  hydiodiaridefe),  and  in  the  hairs  of  plie- 
DOgamoas  land  plants.  Such  is  the  peculiar  molecnlw 
movemEsnt  discovered  by  tlie  great  botanist  Robert  Brown 
{which  is  indeed  perceptible,  not  only  in  vegetables,  but  also 
in  all  matter  reduced  to  an  estreme  state  of  division) ; 
such  is  the  gyratory  cnirent  (cycloae)  of  globules  of 
cambium ;  and,  lastly,  sncb  are  the  articulated  filana^- 
tary  cells  whidi  unroll  themselves  in-  the  aniherides  of 
the  chani,  and  in  the  reproiictive  organs  of  liverworts 
and  algse,  and  in  which  Meyen,  too  early  lost  to  science, 
believed  that  be  recognised  an  analogy  to  the  spermatozoa 
of  the  animal  kingdom.  If  we  add  to  these  vioions  currents 
and  molecular  agitations  the  pluenomena  of  endosmose^ 
the  processes  of  nutrition  and  of  growth,  and  internal 
currents  of  air  («  gases,  we  shall  have  some  ideaofthepowns 
which,  almost  unknown  to  us,  are  incessantly  in  sctian  in 
the  apparently  still  life  of  the  vegetable  kingdom. 

Since  the  time  when,  in  an  earlier  work  ("  Ansichten  der 
Natur,"  "  Tftbleftui  de  la  Nature"),  I  attempted  to  describe 
the  universal  diffiuiion  of  o)^!onic  life  on  tlie  surface  of  the 
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^ob^   and  it»  distribDUon  in  hei^t  aad  in  deptii,  oax 
knowledge  has  bfloi  wonderfbDy  angmcuted  hj  Ehreuberg's 
ttrniiant  d^coTeriea       (ttb«r  das  Yeilialtcai  des  kleiaBten 
Xebena  in  dmi  Weltmeere  wie  in  dem  Else  der  Folar- 
lander),  which  rest  not  an  mgenioas  GombinalioaB  and  infe> 
rences,  but  on  direct  end  essct  observation.     By  these  dis- 
coveries the  sphere  of  animated  existence — we  may  say  the 
horizon  of  life — has  expanded  before  out  view.     "  TUtA  only  ia 
tbece  DO  int«rmption  of  minute  microscopic  fmna  of  animal 
life  in  the  vicinity  of  either  Pole  where  larger  animals  can- 
not maintain  themselves,   but  we  find  among  the  micro- 
scopic animalB  of  the  Sooth  Fotar  Seas,  collected  in  tlie 
Antarctic  Expedition  of  Captain  James  Bosb,  a  remarkable 
abundance  of  new  foims,  which  are  often  of  great  elegance. 
Even  in  the  lesidQam  obtamed  from  melt«d  ice  which  floats 
in  roosded  fragments  in  lat.  78°  10'  S.,  there  have  been 
found  above  fifty  species  of  siliceons-sheiled  pol^astrlca,  and 
even  cosdnodisc^  with  green  ovaries,  which  were  there- 
fore ceztiunly  living  uid  able  to  reedst  the  extreme  severity 
of  the  cold.     In  the  Gulf  of  the  Erebns  and  T«ror,  sixty- 
edgbt  siliceoos-shelled  polygastrica  and  plqrtolitharia,  together 
with  a  single  calcaieous-sheUed  polytbalsmia,  were  brought 
np  by  the  lead  &om  depths  of  1212  to  1620  EngUsh  feet." 
By  hi  the  greater  number  of  the  oceanic  microscopic 
forms  hitherto  observed  belong  to  the  siliceous-ehelled  in- 
fosoria,  although  ttie  chemical  analysts  of  aea-water  has  not 
shewn  silica  to  he  one  of  its  essentjal  constituents,  and  it 
conld  only  indeed  exist  in  water  in  a  stale  of  simple  mixtnre 
or  suspension.     It  is  not  only  in  particular  iocalHies,  in 
inland  waters  or  in  tiie  vicinity  of  coasts,  tiiat  the  ocean 
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is   thna  thicklj  peopled  with  liTing    atoms   mvisible    to 
tbe  naked  eye.     Samples  of  water  t^en  up  bf   Sciiajer 
in  57°  S.  lat.,  on  his  return  from  Van  Diemen  Island,  as 
well  as  those  taken  between  the  tropics  in  the  midcQe   of 
the  Atlantic,  shew  that  the  ocean  wat«r  in  ita  ordJnary  con- 
dition, without  any  i^peu^nce  of  discoloration,  contains 
iimumerable  miax>scopic    oi^Miisma,    quite  distinct   &om 
the  siliceous  filaments  of  the  genua  ChGetoceroSj  floating  in  s 
fra^entary  state  like  the  oscillatoria  of  our  fresh  waters^ 
i3ome  polygastrica  which  have  been  found  mixed  wiUt  sand 
and  excrements  of  penguins  in  the  Cockburn  Islandfi,  appear 
to  be  generally  distiibuted  over  the  globe ;  other  species  belong 
to  both  the  arctic  and  anWctic  polar  regions.  (^^^}     l^us  we 
see  that  animal  life  reigns  in  the  perpetual  night  of  the  depths 
of  the  ocean,  while  on  continente,  vegetable  life,  stimulated 
by  the  periodical  action  of  the  soIm  rays,  chiefly  predomiaties. 
The  mass  of  v^tation  on  tbe  earth  very  fer  exceeds  that  of 
the  animal  creation;  for  what,  in  point  of  bulk,  would  be  an 
assemblage  of  all  the  great  cetacete  and  pachy  dennata  living  at 
one  time,  compared  to  the  thickly-ciowded  colossal  trunks  ti 
trees  of  8  and  12  feet  in  diameter  from  the  tropical  forests 
which  cover  only  one  region  of  the  e&rth,  namely,  thatocno- 
prised  between  the  Orinoco,  the  Amazons,  and  ttie  iBio  da 
Madeira  P    If  the  characteristio  aspect  of  difierent  pinrtions  of 
tJie  earth's  sur&ce  depend  conjointly  on  all  external  phEeiu> 
mena, — if  the  contours  of  the  mountams,  tbe  physiognomy 
of  plante  and  animals,  the  azure  of  the  sky,  the  fonn  of  the 
clouds,  and  the  tmnspiu^iicy  of  the  atmosphere, — all  combhu 
in  forming  that  genial  impression  which  is  tbe  result  of  tht 
whole,  yet  it  cannot  be  denied  that  the  vf^toble  eofsaq 
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wifch  which  the  mrth  is  adorned  is  the  principal  < 
Hie  impreseiott.  Animal  fonna  are  inferior  in  maaa,  and 
their  individual  power  of  motion  o^ii  withdraws  them  froin 
our  eight;  vegetable  fonns,  on  the  contrary,  produce  a 
greater  elTect  by  reason  of  their  amplitude  and  of  th»r  con- 
stant presence.  The  age  of  trees  is  announced  by  thm 
magnitude,  and  the  union  of  age  with  the  manifestation  ot 
constantly  renewed  vigonr, — ^the  ancient  tmnk  with  the  fresh 
.  verdure  of  spring, — is  a  charm  peculiar  to  the  v^etable 
creation.  {*^^)  In  the  animal  kingdom  (aad  this  knowledge 
ijs  also  a  result  of  Ehrenberg'a  diecoveriea)  it  is  precisely 
the  minutest  fonns  which,  owing  to  their  prodigious  fe- 
cnndity,  (*^)  occupy  the  greatest  space.  The  minutest  in- 
fusoria (the  Monadines)  only  attain  a  diameter  of  t^*^  <^ 
a  IVeuch  Hne,  and  yet  these  siliceous-shelled  animalcnla 
form  in  humid  districts  subtenanean  stoata  of  many  fathoms 
in  thicken. 

Those  whose  minds  and  feelings  are  awakened  to  the  in- 
fluences of  the  contemplation  of  nature,  are  impressed,  under 
every  zone,  by  the  diffusion  of  life  over  the  sur&ce  of  the 
globe;  but  this  impression  is  most  powerful  in  the  r^ons 
where  the  palms,  the  bamboos,  and  the  teee-fems  flourish, 
and  where  the  ground  rises  from  the  margin  of  a  sea  filled 
with  mollnsca  and  corals  to  the  limit  of  perpetual  snow. 
The  distribution  of  animal  and  vegetable  life  is  scarcely 
arrested  by  height  or  depth :  organic  forms  descend  even 
into  the  interior  of  the  earth,  not  only  where  the  labours  of 
tiie  miner  have  opened  extensive  excavations,  but  also  in 
closed  natm^  caverns  into  which  rain  or  snow-water  can 
only  penetrate  through  minute  fiiisares.    In  such  a  oavem, 
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Then  opened  by  blasting,  I  have  observed  the  snow-vhite  i 
fltalactitic  walls  covered  bj  the  delicate  n^work  of  an  Usdcl 
Poducellie  an  found  in  fiasutm  of  the  glaciers  of  Monte 
Bos^,  and  of  t^ioae  of  the  Grindelwald  and  the  uppa 
Aar ;  the  Chiontea  araneoides,  described  by  Dalman,  and  ii» 
microscopic  Discerea  nivalis  {formerly  called  Protococens), 
Hve  in  the  polai  snows  as  wdl  as  in  those  of  oar  high 
monntaiiis.  The  red  colour  of  long-faUea  snow  had  been 
noticed  by  Aristotle,  who  had  probably  observed  it  in  iht 
Macedonian  mountains.  (*"*)  On  the  highest  sunimits  ct 
the  Swiss  Alpe,  lecidete,  parmelite,  and  nmhilicarieej  scantily 
tinge  the  surface  of  the  rocks  whrae  they  are  denuded  of  snow ; 
hot  on  the  chainof  the  tropical  Andes, beautiful  phrenogamous 
.plants,  the  woolly  Cnleitium  rofescens,  Sida  pinchincheaiEij, 
and  Saxifraga  bousaingaulti,  present  isolated  dowers,  at 
devations  of  abont  15000  English  feet  above  the  level  of  tto 
sea.  Thermal  springs  contain  small  insects  (HydroponM 
(hermahs),  gallionella;,  oscillatoria,and  confervee :  whilst  their 
waters  nouiish  the  fine  fibres  of  the  roots  of  phsenogamoos 
plants.  Kot  only  are  earth,  air,  and  water,  filled  with  life, 
and  that  at  the  most  different  temperatures,  bat  also  the 
interior  erf  the  various  parts  of  animal  bodies  :  there  are 
animalcula  in  the  blood  of  Irogs  and  of  salmon :  according 
to  Nordmann,  the  fluids  of  the  eves  of  fishes  are  often  filled 
with  a  worm  which  lives  by  suction  (Diplostomum) ;  and  tiie 
flame  naturalist  has  even  discovered  in  the  gills  of  the  Bleak 
an  extraordinary  double  animal  (Diplozoon  paradoson) 
having  two  heads  and  two  caudal  extremities  disposed  in 
rectangular  directions. 

AlthoD^  the  exiatence  of  meteoric  infasoria  is  mm 
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thaxi    doabtfnl,  it  is  certAinly  very  possil:^  tiiat  Hmall  in- 
fusoria may  be  passively  oarried  ap  with  asoendiog  aqaeoiu  - 
■vwipom,  and  may  float  for  a  time  in  the  abnoaphoe  like  the 
p<^»i  <£  the  flowers  ^  pines  which  Mb  ereiy  year  &ora  the 
dir.  (*^    ITiis  circuniBtance  deservefl  to  be  especially  oon- 
eidered  in  any  renewal  <^  tiie  old   discusaioti  teepectinj; 
'*  spontaneoDS  generation-;"  (***)  and  the  more  bo,  because, 
as  T  have  before  noticed,  £tiT»ibeig  has  discovered  tJie  rer 
maans  of  eighteen  gpecicB  of  eilieeonB-flfaelled  polygaaMe 
iTEfoEom,  in  the  dust  or  Band  which  often  hi\s  on  shipB 
navigstiiig  the  ocecoi  near  the  Gape  Yerd  IsltuidB,  at  a 
distance  of  380  geographical  mjles  &om  the  Aiiican  coast. 

The  geography  <tf  ^ants  and  animab  may  be  oonddered 
e^itfaer  with  lefeience  to  the  diflerences  and  reladva  nmnbets 
of  typical  forms,  (the  diatribntion  of  genera  and  species 
in  difierent  loctdiiies,]  «-  to  the  numbw  of  iudividiialB 
of  each  species  on  a  given  sniface.  Both  in  plants  and  in 
animals  it  is  essential  to  distinguish  between  sodal  oi  giegib. 
riotts,  and  soHtaiy  species.  Those  Bpedes  of  plaute  which  I 
have  termed  "  social"  (*'')  apread  a  uniform  covering  over 
higB  extenis  of  country :  to  this  class  belong  many  kinds  of 
sea-weeds, — cladonite  and  mosses  which  qiread  over  the  waste 
plains  of  iPforthem  Asia,— grasses,  and  cacti  growing  like 
the  pipes  of  an  organ, — avicenoiie  and  mai^rovee  in  the 
tropics, — and  forests  of  conifera)  and  of  birches  in  the 
plidns  of  the  Baltic  and  of  Sib^ia.  It  is  espedafly  by 
iMs  particular  mode  of  geographical  distribution,  that  cer- 
tain vegetable  forms  constitute  the  leading  feature  in  the 
physiognomy  of  a  coimtryi  imparting  to  it  a  chaiactet 
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determined  by  thdr  gwiend  aepect  nod  magnitude,  and  Ik 
fonn  and  eoloni  of  their  leaves  snd  flower3,(*28j  i]^ 
animd  creation,  frcsn  its  smaller  mass,  and  from  its  mobil^ 
is  fer  kss  iMuential  in  tbis  respect,  notwithstanding  its 
variety  and  interest,  and  its  greater  aptitnde  to  excite  in  u 
feelings  either  ct  empathy  or  of  averaon.  Agricultonl 
nations  enlarge  artificially  liie  domain  of  social  plants,  and 
thus  give  to  extensive  districts  in  the  temperate  zone,  a  di&i 
meter  of  greater  uniformity  than  wonld  belong  to  them  in  a 
otate  of  nature ;  cultivatiou  extirpates,  and  causes  gradoaDr 
to  disappear,  many  species  of  wild  plants, '  wliilat  oHihb, 
without  being  purposely  conveyed,  follow  manin  his  moal 
distant  migrations.  The  luxuriance  of  natnre  in  the  tropin 
offers  a  more  powerful  resistance  to  the  changes  vMd 
human  efforts  thus  have  a  tendency  to  introduce  in  the  aspect 
of  creation. 

Observers,  who  in  short  intervals  of  time  tzaversed  ex- 
tensive T^ons,  and  ascended  lofty  mountains  in  which 
different  climates  are  found  stage  above  stage  in  cloa 
proximity,  must  have  been  early  impressed  with  the  character 
of  regularity  in  the  distribution  of  vegetable  fonns ;  those 
who  recorded  their  observations  were  unconsciously  cdled> 
ing  the  raw  materials  of  a  science  of  which  tiie  name  had  not 
yet  been  spoken.  The  same  zones  or  regions  of  vegetatkm 
which,  in  the  axteeuth  centary,  Cardinal  Bembo,  when  a 
jontb,  observed  and  described  on  the  accliviti^  of  Etna,  (*w) 
were  found  on  those  of  Ararat  by  Toumefort,  who  companil 
Hie  alpine  fiora  with  tlie  £ora  of  the  plains  in  difftteni 
latitudes,  s^i  was  the  first  to  rei2?-k  that  the  distribution 
of  vegetatiim  is  eimilarly  ioilueneed,  by  the  elevation  of  tha 
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ground  above  the  level  of  the  tea  in  moimtftiad,  snd  by  tha 
distance  from  the  equator  in  the  plains.     Menzel,  in  an 
usiedited  flora  of  Japan,  osecl  almost  accidentally  the  ez- 
pressioa  "  geography  ot  plants,"  and  the  seme  expression  is 
found  in  the  ianciftil  but  graced  work  of  Bemardin  de  St.> 
Pierre,  entitled  "Etades  de  la  Nature."     A  ecient^c  treat- 
ment of  tile  subject,  howerer,  only  commenced  when  the  geo- 
graphy of  plants  was  bron^t  into  close  connection  with  the 
stndy  of  the  distribution  of  heat  over  the  surface  ot  the 
earth  ;  and  when,  by  a  dassification  into  natural  families,  it 
had  become  possible  to  distinguish  numerically  the  forms 
which  increase  or  decrease  in  &e^ueni^  in  receding  trom 
the  equator  towards  the  poles,  and  to  assign  the  nu- 
xaerical  proportion  which  in  different  re^ons  <^  the  earik 
each  tamiiy  bears  to  the  entire  mass  of  the  pheenogamous 
flora  of  the  same  region.     I  r^ard  it  as  a  happy  circumstance 
in  my  life,  that  at  a  time  when  my  views  were  almost  ex* 
clusively  turned  to  botanical  studies,   I  was  led,  by  th» 
iavourin^  influence  of  the  grand  spectacle  presented  by  the 
mountainous  regions  of  the  tropics,  where  the  most  varied 
climates  and  v^^tion  are  brought  iuto  close  proximity 
and  contrast,  to  those  snhjects  of  investigation  of  whidi  I 
have  here  spoken 

The  geographical  distribution  of  animals,  on  which  Bnffim 
first  put  forward  general  views  and  in  many  insttinces  just 
ones,  has  of  late  years  benefited  greatly  by  tlie  pn^ese  made 
in  t^  study  of  the  gec^praphy  <i  plants.  The  isothermal 
corves,  and  paiticolatlj  the  isoehimenat  curves,  whether  of 
latitude  or  of  devadon,  comcide  with  the  limits  which  species 
of  jhaia  and  of  animals  which  do  not  wander&r  Jjom  their 
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fixed  halutatioiig  mtely  pus.  The  t&,  Eoi  exanqtle,  tiva 
in  the  Scandmaviaii  peninsnla  fdmoet  ten  degrees  of  latitiidi 
hithex  north  than  in  the  iatarior  of  Siberia,  where  the  iao- 
chituenal  lioea,  ot  linos  of  equal  vinter  temperature,  prcB&at 
a  form  so  Btrikingly  cOnesre.  Plants  migrate  in  the  genn ; 
the  seeds  of  many  speden  «n  provided  with  appropriala 
organs,  by  means  of  which  they  are  waft«d  thioi^h  the  air ; 
bnt  when  once  rooted  they  become  dc^ieitdent  on  t^e  soi^ 
and  <m  the  temperature  of  the  surrounding  atmosphere; 
mimala,  on  tiie  contrary,  having  the  power  cf  locomotion, 
can  migrate  at  pleamre  beyond  the  bounds  of  their  osusl 
habitatiooa ;  and  they  do  so  'more  particularly  where  1^ 
ifiotheral  lines  are  greyly  inflected,  and  where  hot  ston- 
mcTB  follow  severe  winters.  "Bie  rwral  t^er,  perfectly-iden- 
tical with  the  Bengal  species,  makes  incuisicoiB  every  sunt- 
mer  into  the  North  of  Asia,  as  far  as  the  latitudes  of  BerHa 
and  Hambu^h,— a  fact  which  Ehienberg  and  myself  have 
fully  established  in  another  work.  {*">) 

The  associations  ot  different  species  of  plants,  to  which  we 
are  accustomed  to  give  the  name  of  "  floras,"  do  not  appear 
to  me,  from  what  I  have  myself  seen  of  the  sorface  of  the 
earth,  to  manifest  that  predominance  of  particular  familiea, 
which  would  justify  ua  in  distinguishing  geographically  the 
regions  of  the  umbellatie,  of  the  solid^ins,  of  the  la- 
faiatse,  or  of  the  acitaminese.  In  this  respect  my  individual 
opinion  differs  from  the  views  of  several  of  my  friends  who 
are  among  the  most  distinguished  botanists  of  Germany. 
It  appears  to  me,  that  the  character  of  the  floras  of  the 
highlands  of  Mexico,  of  T^ew  Granada  and  Quito,  of 
&e  plains  of  Biuropean  Biusia,   and  of  Northern  Am, 
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Js    ^ven  not  ao  much  hj  the  gnaiei  nTimbtr  of  the  ^i»> 

nes   which  cotutitate  one  or  two  natoral  &iiuliea,  aa  by 

the  far  more  complicated  lelatioiiB  which  leaolt  fonn  t^ 

coexistence  of  a  great  sombac  o{  &iiulies,  and  the  lelatira 

proportiona  of  their  respective  species.     Doab&ss  the  gtfc 

TTniTiwfp'  and  the  cyporaoeaB  predominate  in  the  prairies  and 

tlie  steppes,  as  do  conifene,  oupnlifert^  and  betnlisie,  in  our 

northern  forests ;  bnt  tluB  predonui»nc8  of  certain  forms  is 

only  appaient,   {produced  by  the  poitioolar   aspect  given 

by  the  social  plants.    The  north  of  Europe,  and  the  zona 

of   Siberia  which  is  sitnated  to   the  north  of  the  Attai, 

ate  nut  more  deserving  of  the  title  of  r^ona  of  gramineEe  oi 

of  coniferce,  tJian  are  the  vast  llanos  of  Sontli  Ammca,  <«  the 

pine  forests  of  Mexico.     It  is  by  the  association  of  fonos 

which  may  partially  replace  each  other,  and  by  their  relative 

abundance  and   their  groupings,  that  the  v^tatton  of  a 

cooqttry  produces  its  impression  of  lozuriance  and  varie^, 

or  of  poverty  and  onifonuit; 

Iji  this  brief  and  fr^mentary  consideration  of  <^e 
phenomena  of  organisation,  I  have  ascended  from  the 
simplest  cell,  {♦'')  or  as  it  were  the  first  manifestation 
of  life,  progressively  to  higher  forma.  "Mucil^inous 
granules  prodnce  by  their  juxtaposition  a  cytohlast  of 
definite  foru,  around  which  a  vesicular  membrane  forms 
a  closed  cell ;"  and  this  first  germ  of  organisation  is 
either  occasioned  by  a  pre-eiisting  cell,  (**')-— so  that 
cell  produces  cell,^-or  the  origin  and  evolution  of  the 
cell  is  concealed  in  the  obscurity  of  a  chemical  process, 
analogous  to  the  fermentation  which  producea  the  fnngna  in 
yeasL    It  ia  not,  however,  the  province  of  thia  work  to  do 
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more  than  touch  verj  lightly  on  the  mysterioos  snbjeei  d 
modes  of  origin;  the  geo^phy  of  organic  fomiB  treats  ra&a 
of  germs  rfready  dcvebped — of  their  habitatifHis,  their  ai- 
gntions  voluntary  or  paasiye,  and  their  distribution  ovexHt 
suiiarce  of  the  eailh. 

The  general  rieir  of  n&tiue  which  I  have  endeavonisd  to 
joeaent  would  be  incampletOj  were  I  to  dose  it  witiiout  at 
temptiiig  to  tiace,  by  a  few  chstacteristie  traits,  a  cone- 
eposding  sketch  of  man,  viewed  in  respect  to  physical  grs- 
dationa,  to  the  geographical  distribution  of  cotemporaneoai 
types,  to  the  influence  which  terrestrial  forces  exerciae  oa 
him,  and  to  the  reciprocal  but  less  powerful  ai^on  which  he 
in  turn  exerts  on  tlienL.     Subject,  though  in  a  less  d^;ree  Uuii 
plants  and  animaUj  to  the  circumstances  of  the  soil  and  the 
jueteoiological  conditions  of  the  atmosphere,  and  escaping 
from  the  control  of  natural  influences  by  the  activity  of  mind 
and  the  progressive  advance  of  intelligence,  as  well  as  by 
a  mnrvellons  fiexibility  of  organisation  which  adapts  itself 
to  every  dimato,  man  forms  every  where  an  essential  portion 
of  the  life  which  animates  the  globe.     It  is  by  these  rein- 
lions  that  the  obscure  and  much  contested  problem  of  eam- 
mnnity  of  origin  enters  into  the  circle  of  ideas  comprised  in 
the  physical  desi»iption  of  the  world.     Its  examination  will 
stamp  (if  I  may  so  express  mysdf)  with  that  nobler  jnteiMt  . 
which  attaches  iteelf  to  all  that  belongs  to  mankind,  the 
termination  of  my  work.     The  inunense  domain  of  the  sdence 
of  languages,  in  whose  varied  stroctuis  the  aptitudes  o 
nations  are  mysteriously  refiected,  borders  closely  on  that 
which  treats  of  the  parentage  and  afBnity  of  races :  and  if 
we  would  know  what  ev^  slight  diversities  of  raci;'  may  be 
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eapable  of  prodadng,  we  bRve  a  strikiiig  example  in  th« 
Hellenic  nations  when  in  tlie  flower  of  their  intellectnal  cnl- 
tnre.  The  most  important  questions  in  the  hutorj  of  civili- 
satjon  are  connected  with  the  descent  of  races,  the  coid- 
momty  of  langoage,  and  the  greater  ca  lees  perEdatency  in 
&!&  original  direction  of  the  intellect  and  disposition. 

"Whilst  attention  was  exclusively  directed  to  the  extremes 
of  colour  andof  fonn,  the  result  of  the  first  vivid  impressiona 
derived  from  the  senses  was  a  tendency  to  view  these  difTe- 
rences  as  ehaiscteristics,  not  of  mere  varieties,  hnt  of  originallj 
distinct  speciea.  The  permanence  of  certain  types  (*^)  in  tiit 
midst  of  the  most  opposite  influences,  especially  of  climate, 
appeared  to  favonr  this  view,  notwithstanding  the  shortness 
of  the  time  to  which  the  historical  evidence  applied :  but  in 
my  opinion  more  powerful  reasons  lend  their  wd^  to  tjie 
other  side  of  the  question,  and  corroborate  the  unity  of  the 
human  race.  I  refer  to  the  manyintennedSate  gradation9(*^) 
of  the  tint  of  the  akin  and  Uie  form  of  the  skull,  which  have  been 
made  taiown  to  us  by  the  rapid  progress  of  geographical  science 
inmodrantimes;  to  the  analogies  derived  from  the  history  of 
varieties  in  animab,  both  domesticated  and  wild ;  and  to  the 
positive  obsfflvations  collected  respecting  the  limits  of  fecim- 
dity  in  hybrids.  (***)  The  ^eater  part  of  the  supposed  con- 
trasts to  which  so  much  weight  was  formerly  assigned,  have 
disappeared  before  the  laborious  investigations  of  Tiedemaim 
on  the  hraiaofN^;roesandof  Europeans,  and  tile  anatomical 
reseuehes  of  Vrolik  and  Weber  on  the  form  of  the  pelvis. 
When  we  take  a  general  view  of  the  dark-coloured  African 
uattous,  on  which  the  work  of  Prichard  has  thrown  so  muck 
light,  and  when  we  compare  them  with  the  natives  of  the 
VOL.  I.  2  b 
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Aostralaaiaii  IsIandB,  and  with  the  Fapuas  and  Alfoarons  (Hi- 
Tf^oreB,  Endimienes},  we  aee  that  s  black  tint  of  skin,  wocd^ 
hair,  and  negro  featoioB,  aie  by  no  means  inFariably  bbbo- 
dated,  i*^)  80  long  as  ^e  western  nationB  were  acquainted 
with  only  a  sn^  patt  of  the  earth's  sm&ee,  partial  viewR 
almost  neceaearily  prevailed ;  tropiealheatBiid&blac^ixdovt 
of  the  skin  appeared  inseparable.  "  Tbe  £thiopiana,"  siud 
the  ancient  trs^c  poet  llieodeetefl  oi  Pbaaelis,  (*9!)  "  by  the 
near  approach  tA  the  Snn-god  in  his  eonrse,  have  thdr  bodies 
coloured  with  a  dark  sooty  Instre,  »ut  their  hair  curled  aad 
crisped  by  his  parching  rays."  The  campaigns  of  Aleutadei, 
in  which  so  many  subjects  coimected  with  physical  geograj^ 
were  originally  brought  into  notice,  occasioned  the  first  dis- 
oossion  on  the  problematical  influence  of  dimate  on  naiioiH 
and  races.  "  Families  of  plants  and  tmimals,"  says  oiie  of 
the  greatest  anatomists  of  our  age,  Johannes  Miiller,  In  his 
comprehensive  work  entitled  Phyaiologie  des  Memchan, "  in 
tiie  conise  of  then:  distribntion  over  the  snrface  of  tjie  earUi, 
nndeigo  modifications  within  limits  prescribed  to  genera  saA 
epeciesj  which  modifications  are  afterwards  perpetuated  orga- 
nically in  their  descendants,  forming  t^pes  of  varieties  cS 
the  same  species :  the  present  races  of  animals  have  been 
produced  by  a  concurrence  (^  causes  and  conditioas,  in- 
ternal as  well  as  external,  which  it  is  impossible  to  foUow 
in  detail;  but  the  most  striking  varieties  ere  foond  in 
those  families  which  are  susceptible  of  Uie  widest  geo- 
graphical extension.  The  different  races  of  mankind  are 
forms  or  varieties  of  a  single  species:  their  umans  aze 
fruitful,  and  the  descendants  from  them  are  so  likewise; 
whereas  if  the  races  were  distinct  specdea  of  a  genus^  the 
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descendante  of  mixed  breed  would  be  nnfnntfiil :  but  whether 
the  existing  ncea  of  men  are  descended  &om  one  or  from 
several  primttiTe  men  is  a  qnestion  not  det^minable  bj 
exp^ience."  (***) 

Hankmd  are  thenfbre  dietriboted  in  varietiet,  which  we 
are  oftra  Bccoatomed  to  designate  bjr  tbs  scnnewhat .  vague 
^ipdktion  of  "  Toeen ."  As  ia  the  vegetable  kingdom,  and  in 
the  natural  history  of  birds  and  fishes,  an  arrangement  into 
many  small  &milies  proceeds  on  surer  grounds  tiiaa  one 
wbi^  niHt«s  them  into  a  few  sections  embndng  large 
masses,-  so  also,  in  the  dd«rmination  tX  races,  it  appears 
to  me  piefertUe  to  establish  smaller  finnilies  of  nations. 
In  the  opposite  mode  of  proceeding,  whether  we  adopt  the 
old  dassiBcation  of  mj  master,  Blumenbach,  into  jf  r«  races 
(Caucasian,  MongoCan,  American,  Ethiopian,  and  Malay),  at 
that  of  Frichiuil  into  uven  races  [*^^)  (Irannian,  Tura- 
nian, American,  Hottentot*  and  Bushmen,  Negroes,  Fapoas, 
and  Alfonrous),  it  is  impossible  to  recognise  in  the  groups 
thus  formed  any  trne  typical  distinction,  any  general  and  con> 
ristent  natural  principle.  The  extremes  in  colour  and  form 
aie  separated  indeed,  but  without  regard  to  nations  which 
cannot  be  made  to  arrange  themselves  under  any  of  ^e 
above-named  dasses,  and  which  have  sometiibes  been  called 
Scythian,  and  sometimes  Allophyllic  races.  Iranman  is 
indeed  a  less  objectionable  name  for  the  European  nations 
than  Caucasian ;  but  it  may  be  afOrmed  generally,  that  geo- 
graphical denominations,  designed  to  mark  the  points  oi 
departure  of  races,  are  exceedingly  vague  and  imdeiermined, 
especidly  when  the  place  which  is  to  give  its  name  to  the 
race  has  been  inhabited  at  differmt   epoch8  (**'')   by  very 


different  races— fts,  far  essmple,  Taiwi  (or  Hawenknnahr) 
by  lodo-Gemumc  and  Finnish,   bat  not  by  Mongoliu 

races. 

liBnguages,  as  intellectnal  creations  of  man,  and  eloadj 
entwined  witb  his  whole  muital  development,  bear  iha  stamp 
of  national  character,  and  as  such  are  of  the  behest  impoiw 
tauce  in  the  recognition  of  amilarity  or  diversity  of  race: 
the  descent  of  languages  &om  a  common  origin  is  the  con- 
ducting thread  whioh  enables  ua  to  tread  the  labyrintb,  iu 
which  the  connection  of  physical  and  mental  powers  and  dis- 
positions presents  itself  nnder  a  thonsand  varied  forms.  The 
brilliant  progress  which  the  phibsophical  study  of  languages 
has  made  within  the  last  half  century  in  Germany,  is 
&voarable  to  researches  on  their  national  character  {**^), 
or  on  that  which  th^  appear  to  have  derived  from  tlw 
influence  of  race.  But  hei^  as  in  all  fields  of  ideal 
speculation,  there  are  many  iUnaions  to  be  guarded  against, 
as  well  as  a  rich  prize  to  be  attained.  Positive  etlino- 
grapliical  studies,  supportad  by  profound  historical  know- 
ledge, teach  OS  that  a  great  degree  of  caution  is  required 
in  these  investigations  concerning  nations,  and  the  lan- 
guages spoken  by  them  at  particular  epochs.  Subjection 
to  a  foreign  yoke,  long  association,  the  influence  of  a  foreign 
religion,  a  mixture  of  races  even  when  comprising  only  a 
small  number  of  the  more  powerful  and  more  civilised 
immigrating  race,  have  produced  in  both  continents  siiniiarly 
recurring  phenomena;  viz.  in  one  and  the  same  race,  two 
or  more  entirely  different  families  of  languages ;  and  in 
nations  differing  widely  in  origin,  idioms  belonging  to  the 
Game  Imgaistic  stock.    Great  Asiatic  conquerors  have  beeo 
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-moat  poverfEilly  iiutmmental  in  tiie  prodadJon  of  striking 
phBBomena  of  tlua  nature. 

But  laDguige  is  an  integral  pait  of  the  natntBl  history  of 
-the  human  miDd;  and  notwitlutanding  the  freedom  wit'j 
-  vhidi  the  mind  pursues  peraeveringly  in  hsppy  iadepes' 
deoce  it«  self-chosen  direction  under  the  most  different 
phyncal  conditions — ^notwithstanding  the  strong  tendeucj  of 
tiaa  freedom  to  withdraw  the  epintual  and  intelleclusl  put 
of  man's  bdng  from  the  power  of  terrestrial  inflnenceB — ^yet 
is  the  disenthralment  never  completely  aohieved.  There 
mtx  remains  a  trace  of  the  impression  which  the  natural 
disposition  has  reeeired  from  climate,  from  the  clear 
azoie  of  the  heavens,  or  from  the  less  serene  aspect  of  » 
Tf^xrar-loaded  atmosphere.  Such  inSuences  have  their 
place  among  those  thousand  eahtle  and  evanescent  links  in 
tbe  electric  dudn  of  thought,  from  whence,  as  from  the 
perfume  of  a  tender  Sower,  language  derives  its  richnesa 
and  ite  grace.  Seeing,  then,  how  close  is  the  bond  which 
unites  the  physical  world  with  the  world  of  the  intellect  and 
of  the  fedings,  we  are  unwilling  altogether  to  deprive  this 
general  sketch  of  nature  of  those  brighter  lights  and  tints, 
which  might  be  imparted  to  it  by  considerations,  however 
lightly  touched,  oa  the  mutual  relations  of  races  and  of 
languages. 

By  maintaining  the  unity  of  the  human  species,  we  at  the 
same  time  repel  the  cheraless  assumption  (*")  of  superior 
and  inferior  races  of  men.  There  are  femilies  of  nations 
more  readily  susceptible  of  culture,  more  highly  civilised, 
more  ennobled  by  mmtal  cultivation  than  others ;  but  not  in 
themselves  more  noble.    AH  ate  alike  designed  for  ireedom; 
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foi  that  freedom  which  in  roder  conditioiu  of  society  belcmgi 
to  individuaJa  only,  but,  where  states  are  formed,  and  poli- 
tical institutionB  enjoyed,  belongs  of  right  to  the  whole 
commnnity.     "  If,"  in  the  words  of  Wilhelm  von  Hiiiii> 
boldt,    "  we  wonid  point  to   an  idea  which   all   history 
throughout  its  course  discloses  as  erer  establishing  more 
firmly  and  extending  more  widely  its  salutary  empire — if 
there  is  one  idea  which  contributes  more  than  any  otha 
to  the  ofl«n  contested,  but  stiU  more  often  misunderstood, 
perfectibility  of  the  whole  human  species — it  is  the  idea  of 
our  common  humanity;  tending  to  remove  the  Hostile  bar- 
riers which  prejudices  and  ptcrtial  views  of  every  kind  have 
raised  between  men ;    and  to  cause  sSl  mankind,  without 
distinction  of  religion,  nation,  or. colour,  to  be  regarded  as 
one  great  fraternity,   aspiring  towards  one  common  arm, 
the  &ee  devdopment  of  their  moral   ;focalties.     This   is 
the  ultimate  and  highest  object  of  society;  it  is  also  the 
direction  implanted  in  man's  nature,  leading  towards  the 
indefinite  expansion  of  his  inner  being.     He  regards  the 
earth  and  the  starry  heavens  as  inwardly  his  own,  given  to 
him  for  the  exeicme  of  his  intellectnal  and  physical  activi^. 
The  child  longs  to  pass  the  hills  or  the  waters  which  sur- 
round his  native  dwelling;  and  his  wish  indulged,  as  the 
bent  tree  springs  back  to  its  first  form  of  growth,  be  longs 
to  return  to  the  home  which  he  had  left;  for  by  a  double 
aspiration  after  tbe  unknown  future  and  the  unforgotten 
past — after  that  which  he  desires,,  and  that  which  he  has 
lost — man  is  preserved,  by  a  beantiful  and  touching  inslinet, 
from  exclusive  attachment  to  that  which  is  present.     Deeply 
tooted  in  man's  inmost  nature,  as  well  as  commanded  by 
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liis  highest  fendenciefl,  the  full  recognition  of  the  bond  of 
Immanity,  of  the  commniiity  of  the  whole  human  race,  wi^ 
the  sentiments  snd  s^pathiea  which  spring  therefrom, 
becomes  a  leading  p[inci|ile  m  the  history  of  man."  {**'} 

With  these  words — ^which  derive  thai  charm  &om  the 
depth  of  the  feehngs  from  whence  th^  ^rang — let  a 
brother  be  permitted  to  close  the  geneial  description  of  the 
pluenomena  of  the  nniTerae.  From  Qie  remotest  nebulee, 
and  from  the  revidving  double  stars,  we  have  descended  to 
the  minutest  umnsl  fonns  of  sea  and  land,  and  to  the 
delicate  vegetable  germs  which  clothe  the  naiked  precqnce 
of  the  ice-crowned  mountain  summit.  Laws  partially 
known  have  enabled  us  in  some  degree  to  arrange  these 
phtesomena;  other  laws  of  a  more  mysterious  nature  prevail 
in  the  Iiighest  sphere  of  the  orgRinc  world,  in  that  of  man 
vnth  hia  varied  conformation,  the  creative  intellectual 
energies  with  which  he  is  endowed,  and  the  languages  which 
have  sprang  therefrom.  We  have  thus  reached  the  poini 
at  which  a  higher  order  of  being  is  presented  to  us,  and  the 
zeaim  of  mind  opens  to  the  view :  here,  therdbie,  the  physi- 
cal description  of  the  universe  tetmiuates;  it  marks  th« 
limil^  which  it  does  not  pa3e> 
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NOTES. 


0  page  7. — Thii  sipreoiDti  ii  itkea  f.om  >  beantifal  doeription  of  tiDjaml 
ftrnst  •ceaeiy  b;  Bemardin  dl  St.-Tiofce,  in  FbdI  and  Tlrgima. 

0  p.  0, — Hie  compaiiaoDS  in  the  Uit  an  oiilf  qifooimute.  Tlie  levenl 
demtioiu  above  the  level  of  tbeiu  an  miweeiactljMtolIotn: — TheSchnee 
or  RUsenkoppe,  in  SUeais,  SZ4  toiwi,  according  to  HaDaachka.  Bip,  923 
toisea,  taking  the  height  of  t]w  lake  of  Lmserne  at  2S3  tdaea  tana  Eaohmami, 
(Bemlta  of  the  liigonDmettical  Metamement  in  Switxerlaiid,  ISIO,  p.  230), 
Alhos,  lOSO  toiaes,  according  to  Captain  Ganltiei.  Filatui,  1189  toiaea. 
Etna,  1T00.4  tiHae^  or  10S74  Engliah  feet,  according  to  Captain  Smyth ; 
1700.T  toiaea,  oi  10S7S  En^iah  feet,  b;  baromebical  meumement  b;  Sir 
JohoF.  W.  EaiGliel,wliiehheeoDm]iiiiicat<(ltomeiDmaniucri{itiAlS2K] 
17U  tdua,  or  10S96  En^iih  feet,  b;  anglea  of  altitude  taken  b;  Caedaton 
st  Palenno,  and  auolning  tile  tentatiial  refraetion  it  0'076.  Scbreokboi^ 
S0S8  tmaea.  Jongfran,  S14B  ttuaea,  accarding  to  Tnllea.  Mont  Blmo, 
£M7  tdaea,  according  to  the  leanUa  diteoaaed  by  Boger  in  the  Biblioftiqaa 
Umvenelk^  Hay  182S,  ^.  £1—58 ;  UdO  tdaea,  according  to  Carlini'a 
detcnmnation,  taken  from  Mont  Ccdonbier ;  2408  buaea,  mewnied  by  ths 
Aodrian  engineers,  tcoat  Tidai  and  Uie  CUaeier  d'Ambin.  [It  dtonld  ha 
obsated  that  the  ml  hdght  of  tbe  Swiaa  mow-f^ped  manntuna  flndvatee, 
•ceoidiug  to  EEcbmaon,  aa  imidi  u  Si  Uums,  from  the  myii^  thicknew  ol 
the  nxnr  covaring].  Chimboraio,  8850  toiaea,  scconKng  to  my  trigonom*. 
trical  mesmremEntB,  (Hnmboldt,  Beraudl  d'Oba.  aatron.  Tome  L  p.  IS), 
Dhanalagin,  4390  toiaea.  All  llieae  dentions  hare  been  given  in  toiacB  of 
t  Tarinan  feet  to  a  toi«e.      A»  Blake'e  and  Webb'a  dettrminaliona  d^|» 


70  UAte^  tba  alSTBtitai  ungned  ta  Uie  DbamlBgiri  (oi  white  manatain.  fr 
the  Suuerit  ditMla,  while,  and  girl,  moantvn),  ctumot  lij  diim  to  aa  gi 
cuctneas  u  tlu  detcnniiutioii  of  tbe  hoght  of  the  Javahir,  4027  tmata,  — 
M160  Puinin  feet,  -  35740  ^lidi  teet,  -  TUB  melm,  which  rests  o 
a  Gomptele  tiigonometiicd  meaaorement,  (vide  Heiboi  mi  HodgscHi,  a 
AiiaL  fieeearchei,  VoL  iit.  p.  13B  ;  and  Supplement  to  SiiOTclopcdia  Bat, 
Vol.  iv.  p.  643).  I  htxe  ibewa  elsewhere  (Ann,  dei  Sdeaces  Nat.,  Mm 
ISSl^],  that  the  meaaarement  of  the  Shewelagiri  (4SB1  toiaea,  •=  2SD78 
English  feet),  depends  on  eereral  elementa  which  have  not  been  aaeertamed 
with  full  certainly,  ■*.  e,  geogiBphical  poaitioni  and  aamatht  (Homboldt,  Ane 
Ceotrale,  T.  iii.  p.  282).  There  is  still  leu  foondaUon  fi^  the  eaqjectnm  tb«^ 
in  the  Tartaric  chain  (uorth  of  Thibet,  towards  the  Ktm-hn  monntaiiisj, 
there  are  un^  smamita  which  attain  an  elevation  of  3D0D0  En^ish  fed; 
(4691  toiaee,  dmoet  doable  the  hught  of  Mont  Blane),  or  at  least  29000 
EngUsh  feet,  ot  4S3B  toises,  (vide  Captein  Alexander  Gerard  and  John 
Gemd'a  imraej  to  the  Booiendo  Faas,  1840,  Vol.  i.  pp.  143  and  311).  Ik 
the  teit,  the  Chimborazo  is  oul;  called  "  one  of  the  highest  lumDuts  of  the 
diain  of  the  Andes ;"  for,  in  the  yesi  1827,  the  bighlf-ioformed  traveller, 
Fentlimd.  in  hia  memorable  eijiedition  (o  Upper  Fern  (BoKvia),  meatored 
the  elevation  of  two  mountains  to  the  east  ot  t^  latiB  of  Titiaca,  vii.  tha 
Borate,  3948  toists,  and  the  lUimani,  3TB3  toises,  both  being  greatly  bi^iei 
than  tjie  Chimbonuo  (which  ia  on!/  SSEO  toises),  and  approsehii^  the  eleva- 
tion of  tlie  Jawahir  (402T  toises),  whidi  ia  the  highest  of  ^e  Hinudaja 
mountains  of  which  the  elevatian  has  been  aecnndelj  measuied.  Hont  Blanc 
(whii^  ia  2467  toises,  "  U803  Parisian  feet,  —  4S0S  metres),  ia  therefore 
8BS  toisei  lower  than  the  Chimborazo ;  the  Chimborazo  598  toises  lower  than 
the  Santa ;  the  Sorata  79  toises  lower  than  the  Jawahir,  and  probably  44S 
biisea  lower  than  the  Dhawalagiri.  Bjr  a  more  recent  measnrement  (1836). 
the  deration  of  the  mimsni  was  found  b;  Fentland  727E  metits,  or  3783 
toiaea — >  MiMnoe  of  only  31  toises  &om  the  measurement  talcen  in  1837. 
In  this  note  the  elevations  have  been  gaen  with  minute  exactness,  incorrect 
nnmbers  havii^  been  introduced  into  many  recent  map*  and  profiles  by 
erroneona  reditetioni  of  the  ori^nal  measores. 

(*)  p.  10. — lite  pBncJtf  of  palms  and  of  tree  ferns  on  the  tempetata 
portions  of  the  projecting  apnra  of  the  Himalaya  ia  ahewn  in  Don'i  Flora 
Nepelensis,  1836,  and  in  the  remarlible  lithographed  catsli^e  of  'Wallich's 
Tlora  ludica,  containing  7683  species.  From  Nepanl  (Ist.  26^°  to  271°),  wa 
bkow  Si  yet  only  one  spedea  of  palm,  ChanuEnpa  miitiana,  WtU.  (Hants 
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Aaiat.  L.  iii.  p.  5) :  it  wu  Ibmid  in  (he  ehady  tbU^  of  Bumps,  at  a  htaght  of 
fiOOO  fVench  bet  aboTS  the  ml  llie  magDificent  tree  fmi  Alu^iila 
bmnoniaDa,  Wdl.  (of  ninch  a  gteoi  48  feet  long  has  been  in  the  pomsmon 
of  tlie  Btitish  UoMom  once  1S31},  i>  not  from  Nepoal,  bat  &om  tlie  monn- 
twDB  of  Sflltet,  ti(irth-«B>t  of  Cgkatta,  in  lat.  24"  SC.  The  Nepaol  ton, 
Faramema  ojathoidea,  Don,  previonil}'  Sphceropterii  barbaU,  Wall.  (PL  Aatt. 
Ii.  i.  pp.  1^—18),  is,  indaed,  nearl;  related  to  the  Cyatliea,  of  nhich.  In  the 
Soath  American  Missions  of  Caripe,  I  hiTe  aeen  a  apeciei  3S  fbot  high,  but 
it  is  not  prop^7  a  tree. 

<*}  p.  10. — Bibea  natncola,  B.  glaoiale,  S,  gnwanlaria.  n«  duMclei 
of  the  Hinul^  T^dation  ii  giren  bj  S  spedca  of  Fina  (ngtwiUutu^ 
ing  an  aeieitian  of  the  ancienta  concernii^  Eaatem  Ana ;  Strabo,  lib. 
^.  p.  51G,  Cas),  25  Oaks,  i  Birches,  2  kinds  of  J^scnlns,  (the  wild  Cheannt 
tree  of  Kaehmir,  which  grows  to  a  h^ght  of  100  feet,  is  inhabited  bf  a 
large  while  ape  with  a  Uaok  bee,  as  far  north  as  33°  N.  Ut.~-Cirl  von 
Hi^el,  Kssehmir,  1840,  Th.  &  S.  U9),  7  Maples  IS  Willows^  14 
Boees,  8  specica  of  Strawbenj,  T  Rhododendrons  (one  of  whidi  is  SO  feet 
bigh),  and  many  other  northern  forms.  Among  (he  Conifene,  the  Finns 
tleodwaia,  or  deodara  On  Sansml  dhct-dhu,  the  timber  of  the  gods),  is 
near)/  aUie>]  to  Finns  cedma.  Near  the  limit  of  perpetual  snow  Br«  found 
the  lai^  and  showf  Bowera  of  the  Gentians  vcnnsta,  G.  moorcroftiang, 
Snertta  purpureseens,  S.  apecdosa,  Farusaia  anusta,  F.  nnbicola,  Fnonia 
emo^  Tulipa  stellata,  and,  beaidea  species  of  Eoropean  genera  peculiar  to 
these  Indian  Alps,  line  European  apeeiea,  as  Leoutodon  taiaiacnm,  FraueUa 
'nlgaris,  GaliniQ  aparine,  and  Thlaapi  arvense.  The  heath,  which  was  meo- 
.«ned  b;  Sanuders  in  Turner's  Tiavds,  and  which  has  been  confounded 
^ith  Calluna  vnlgaiia,  k  an  Andromeda, — a  Gict  of  great  importance  in  the 
geograph3r  of  Asiatic  plants.  If  in  this  note  I  have  made  use  of  the  unphi- 
losophical  sipressions  of  European  forms,  or  European  species,  gnrmng  wild 
in  Jtia,  it  haa  been  a  coDseqnence  of  the  old  botanical  language,  whieli  has 
dograatirall;  subetitnled,  fur  the  idea  cf  distribution  in  spac«  or  coedslence 
%i  organic  foima,  the  hjpothesia  of  migiatioc,  and,  &om  predilection  fbf 
Europe,  migration  from  west  to  east 

CJ  p.  11. — The  limit  of  perpetual  snow,  on  Qie  southern  declivit;  of  tht 
nimslaja  chdn,  is  3030  toises  above  (he  level  of  the  sea;  on  the  nordmm 
decHiity,  or  rather  on  the  peaks  nbieh  rise  above  the  TsrtariaQ  pla.enn,  thia 
Hmit  ia  2800  toises,  from  SOf  to  82°  of  latitude,  while  under  the  Equator,  in 
the  Andes  of  Quito,  it  a  ^70  loisea.     I  hare  deduced  thia  result  from  the 


coSM&m  *Dd  cambination  of  guny  data  ftmiished  by  Webb,  Oenid,  Hcftxft  ' 
■nd  UoiatMlt,  (vid«  my  two  Mteoires  but  lea  Munt^nea  de  I'laAe,  ■ 
ISie  and  1820,  in  thi  Anndes  de  ChimiB  et  ia  Vbyaqas.  T.  iii.  p.  803,  nil 
T.  nr.  pp.  6,  2i,  EO).  Tlie  gnater  elevation  to  which  the  «noir  line  reccda 
on  the  lliilietiBti  decliriti  ig  the  remit  coiyointl;  of  the  radiatioD  of  heat  fna 
the  neiithboajiiui  derated  plains,  the  aeremty  of  the  sky,  and  tht  infireqnent 
foimation  of  anow  in  Teiy  cold  and  dry  VT  (Hombdldt,  Ane  Centnle,  T.  m. 
pp.  SSI — 3£61.  The  remit  which  I  have  given  ai  the  most  probable  for  the 
elemion  of  the  anew  line  on  the  two  aides  of  the  Himalaya,  had  Colebrooke'g 
gnat  anthority  in  iti  hvonr.  He  wrote  to  me  in  Jnne,  1824 : — "  I  also  fin^ 
from  the  materisla  in  my  poucsston,  13000  Engtiali  feet  (20SS  toisai)  for  Om 
eleratioD  of  the  line  of  perpetual  anew,  on  the  aonOieni  dedivily,  under  the 
pBiBHel  of  81°,  Webb'a  meaanrementa  woold  give  me  1S500  EngUah  feel 
(Sill  toises),  beii^  500  teet  h^iei  than  by  Captain  HodgKni'a  obaarv«tioB& 
Oeraid'a  measoiements  folly  confirm  yonr  atatemcnt  that  the  mow  Hne  s 
higher  on  the  norihein  than  on  the  aontheni  aide."  It  hu  not  been  until 
the  piraent  year  (1S40),  that  we  have  obtained,  throngh  Mr.  Llojd,  the  pnbtie^ 
tion  of  the  ooUed«d  joomala  of  the  two  brotheia,  Gerard,  (NanatlTe  of  a 
Toorn^  from  Cannpoor  to  the  Boorendo  Past  in  the  Himel^a,  by  Cqitaiii 
Alexander  Gerard  and  John  Genrd,  edited  by  George  Uoyd,  Tol.  L  pp.  £91, 
Sll,  SS!0,  SS7,  and  341).  Much  information  reipedin;  diftnnt  localitiea  ia 
Imngjit  together  in  a  "  Viait  to  Shatool,  tot  &t  purpose  of  determining  tla 
line  of  Perpetnal  Snow  on  the  Southern  fWe  of  the  Himalaya,  in  Angni^ 
1823;"  but^  Hnfortnnately,  the  traydlera  always  confound  the  elerationil 
whidi  sporadic  &lla  of  anow  talce  place  with  the  highest  elevatioii  to 
wUch  Ihe  snow  line  recedea  above  the  Thibetian  plateaa.  Capttun  Gerard 
diatingiiiihei  between  the  nmmiita  in  the  midtt  ^  Ih  tUtattd  plaiam, 
when  he  f^vea  tlie  limit  of  perpetual  anew  at  &om  18000  to  IBOOO  Enf^iih 
feet  (2S1S  to  £971  toitee),  and  tiiat  portion  of  ihe  northern  declivitiea  rf 
Sie  Htmal^  chain  whieh  abut  on  Uie  deep  valley  of  the  SdUq,  where  the 
plrteau,  bong  interrnpted,  eu  radiate  but  Uttle  heat.  He  deraeion  of  tia 
TiD^  of  Taogno  ia  pven  at  only  S300  Efiglidi  ftet,  or  UG4  toisesi  whik 
that  aasignad  to  the  platean  round  the  sacred  lake  Manaaa  ia  IfOOO  ^'"glith 
leet,  or  £668  loiaes.  Where  the  chain  of  Uie  Himalaya  ia  broken  throng 
Captain  Gerard  fiiide  the  anow  line  on  the  norduvu  declivity  500  b«t  Iowa 
than  (m  the  aide  being  lodta,  where  he  ea&natea  it  at  15000  En^iah  ttet, 
(2846  taittt).  Ai  rapecta  v^^otion,  the  mott  striking  difieieiieeB  an 
presented  between  the  Thibetian  pUtam  and  the  Indian  deehvity  of  tha 


BbnalKya.    On  tlie  yoa,  tlie  cnltiTation  <tt  gnin  mil;  iKcods  to  IIir  Lei^ ' 

3t  1660  toius,  (or  0913  EngfiA  ftet)  -,   md  era  there  tlu  oorn  hu  often 

to  Iw  out  gnen,  oi  even  while  itifl  in  the  blnde.     Tlw  wood;  t^ou,  com- 

priBing  tan  oilu  md  deodan,  only  itlaini  1 870  taiaa ;  and  dwarf  bircliea, 

BO80  touBs.     On  (he  plBt«ui,CaplBiii  Gerard  saw  pastorcGnp  to  3660  toiacsi 

grain  ancceed^  np  to  3300  toiaea,  azid  eren  vp  to  3900  toiaea ;   birch  treea, 

with  tan  stenu,  resdi  3300  toiaea;   and  bw  btudkee.  2660  toiseti,— 1. 1.  300 

toisea  higher  flian  the  limit  of  perpetoal  mow  in  the  province  of  Quito  nsder 

Die  'Bqatior.    It  ii  exceeding;  deurable  that  both  the  mean  elenUiaa  of  the 

table  land  of  Thibet,  whioh,  between  the  Himalajs  and  the  Knen-Inn,  I 

■Msnme  at  oul;  about  1800  toiaea,  and  the  rektive  hei^  of  the  now  line  on 

Che  northern  and  aouthem  bcee  of  the  Himalaya,  ahoald  be  investigattd  mew 

by  traveilen  acenatomed  to  general  viewa.    Hitherto,  otimatioiLS  hare  often 

been  confoonded  with  actoal  meaaarementa,  and  the  ele«atioDs  of  Bonumla 

rising  out  of  the  table  land  wiUi  that  of  the  inrronnding  plstesn,  (compare  ' 

Carl  Zimmermann'a  HjpaoQletric  Remarka,  in  his  Geographisehen  AnaljfM 

der  Karte  voD  loner-Aaien,  1811,  S.  08).     Lord  calta  attention  to  a  contrast 

between  the  relative  hc^hta  of  the  lifie  of  perpetoal  anow  on'the  two  aidee  of 

the  Himalaja  and  on  those  of  the  Hindu  Coosh.      '"Hie  latter  chain,"  he 

aofa,  "  haa  the  table  laud  to  the  sonth,  and,  therefore,  the  snow  line  is  higher 

cm  its  eoathern  &ce,  which  ii  the  contiBiy  case  to  that  of  the  HimalaTa,  which 

has  low  pkiOB  to  the  touth  ae  the  Hindu  Coosh  haa  to  the  north."    Howerer 

much  the  hypsometric  data  here  treated  of  may  require  critical  correction  when 

taken  separately,  yet  the  &ct  is  sufficieatly  established  that  the  remarkable 

form  of  a  portion  of  the  earth's  snriace,  in  the  interior  of  Aua,  renders  it 

possible  for  men.  to  dwell  aud  to  find  food  and  firing  at  an  t^evatiou  which, 

in  abnost  oil  other  parts  of  the  two  continents,  ia  covered  with  perpelnal 

enow.      I  except  the  exceedingly  dry  moonlsins  of  Bolivia,  which  are  ao 

deficient  in  snow,  and  where,  in  1838,  Pcntlaad  finmd  the  mean  height  of  the 

enow  limit  2450  loiws,  in  16°  to  171°  8.  lat.     'What  appeared  to  me  to  he 

the  probable  difference  of  the  height  of  tlie  snow  line  on  the  northern  and 

Bontbeni  fiices  of  Qie  Himalaya  has  been  confirmed  by  the  barometric  measme- 

ments  of  '^^ctor  Jacquemont,  who  fell  an  early  sacrifice  to  his  noble  and 

miweaiied   activity    (vide  his  Correspondauce  pendant   son  Voyage    dana 

Vlndc,  1838  i  ltJS3,  Livr.  23,  pp.  290,  296,  299).     He  says,  "Les  ndgea 

perp^nellea  descendent  pins  baa  Eor  U  peute  meridionale  de  rOimalaya  qoe 

snr  les  pentes  septcatriouBles,  et  leur  limite  s'el^e  cooatamment  i.  mesore  qOB 

Ton  s'doigae  vers  te  uord  de  la  ch^ne  qni  borde  I'Inde.     Sur  le  col  da 


Tin  noTBB. 

KioDbnmB  I  EGSl  mAiw  dm  iuaADar  adoo  k  CqibBie  Qtnri  J*  me  Uimltl    ' 

voore  biea  *a  deuous  de  1>  limita  des  iidg««  pttpAoellM  qoiduscottapBtk 
da  rHinudaja  je  croinu,"  (much  too  liigh  an  eatiinBte),  "  de  BOOO  mftn^ 
OH  3078  ttHua."  Hia  ume  tntvell«r  ttija,  that,  "  oo  the  touUierD  dediri^ 
die  cHnute  pnenm  the  nms  dumotar  at  all  heighta,  tlie  dktribntioii  in  Urn 
difbnat  MtMiu  of  the  year  being  tbe  ume  u  in  the  lodjaa  [ilMttt.  Th* 
^tutut  solstice  then  hringi  the  nme  torrents  of  rain,  irhioh  lut,  mtfaoat 
intarmptton,  to  the  autmnntd  eqninoi.  Enshmir,  at  an  elevation  of  B850 
Bngliah  feet  (B3T  Uatet,  whidi  is  nearly  the  height  of  the  ta«>w  of  Fogt,j^ 
and  Uerida),  IB  the  flrst  place  where  a  new  and  wholly  difleient  kind  el 
climate  b^ine,  (Jaoqnemout,  Corre»p.  T.  ii,  pp.  68  and  74).  As  LeopoU 
von  Bnch  renurka,  tbe  muuoani  etnnot  any  the  Kann  and  moiat  sea  air  of 
the  plain*  of  India  beyond  the  rampart  of  the  Himalaya  into  the  lliibelun 
district  of  Ifidak  and  Lhasia.  Cad  von  Huge],  from  a  determination  of  tim 
I  bailing  pdnt  of  water,  utinutee  tbe  eteratiQii  of  the  nUey  <Jt  Kashmir  abon 
the  level  ofOe  Hit  at  SSlSEn^iah  feet, -w  910  toi>eg(TheaiiS.  15S;  god 
Jonmil  of  tbe  Qe<^.  Soc  Ttd.  ri.  p.  315).  In  tJiis  calm  and  sheltered  tiHi^, 
Mdrcety  sier  ritited  by  tempeats,  in  latitnde  34°  7',  the  snow,  ftoia  Bocembv 
to  March,  is  found  several  feet  in  thichiees. 

0  p.  II. — Vide,  generally,  n^  Easai  but  U  Qeogr^hie  dea  Flantea  el 
bbleanphyaiquedee  R^ona  Equinoiiales,  1807,  PP>  ^0 — SS.  On  thedionul 
and  nocturnal  variations  of  tempetatore,  vide  Hate  9  of  n^  AUaa  g&^ra- 
J^qoe  et  phydque  dn  nouveau  Continent ;  and  tbe  Tallica  in  my  own  wod, 
entitled,  De  diatribntiona  gei^apMca  plimljinmi  aecundom  cceli  tempeiiem 
ct  altitndiBaii  montiom  1S17,  pp.  90— US  \  tbe  meteorological  portion  of 
wj  Aae  Centrale,  Vol.  iii.  pp.  212 — 224  ;  and,  laatly,  tbe  more  reeait  and 
fer  more  eiaet  repreaentation  of  decreasing  temperatnre  with  increasng 
deration  in  the  duin  of  the  Andea,  given  in  Bonaaingault^a  Hem<nre  ani 
b  profondenr  i  laquelle  on  tronie  la  eonehe  de  temp^ature  invuiable  eooa  lea 
tcop^oea  (Annales  de  Chisiie  et  de  Phyai^e,  1833,  T.  liii.  pp.  S2£ — 247). 
Thu  treatise  oontaina  determinations  of  the  mean  temperatiiTe  ntd  of  Iba 
elevation  of  128  pointe,  &om  the  level  of  the  sea  to  the  declivity  of  Anti- 
aana,  at  ■  be^  of  2800  tdaea  (abont  ITBOO  feet),  and  varying  betweea 
S7°'G  and  1°'7  Centigrade,  (or  %V-t  and  35°  Fahrenheit). 

^  p.  14, — On  the  proper  Madbjadeca,  ace  Lasaen'a  eicdlent  woA,  fxA- 
tied,  Indiache  Allerthmnaknnde,  Bd.  i.  S.  92.  I^e  Chinese  give  the  nam 
of  MoJde4hi  to  tbe  eonUiem  Bahar,  i.  e.  tbe  part  to  the  south  of  tbe  Ganges 
(|!0BJaiiiB-ki,  par  Cl^-f^Hian.  IS3S,  p.  256).     I^ambn^wipa  ia  tba  nam* 


^raitoa*irtiolcofIiidiB;H«(»alnM>MnftAM(k  bcwha.  ana  cTOa 
four  Bndhistui  craitiiMats. 

n  p.  14.— DduT  die  Kawi-Spradw  wf  der  Inid  Jivi,  nelwt  cmer 
finkitiiiig  ueber  die  Vravcliieilenlieit  d»  meBachlidien  S]mdibaiin  and  ihnn 
Zmflon  HU  di«  gait%e  Eatwidcdang  det  MauduDgoBhkclif  1  nu  WUb 
*.  Hiunboldt.  IBSe,  Bd.  i.  S.  S— SIO. 

Pi  p.  16. — Ukx  im  itSim  Genueli  antwiift  bedentende  Ziriiel 
Simimd  dec  Weu^  bescfakiclit  fimchend  dea  Mlulinulai  OtM 
K6ft  der  Stofie  Oswtdt,  dei  Usgnete  Hiaien  nnd  lirixo,  , 

Ft^  dnrdi  die  Ldfte  dem  Kltng,  Iblgt  dvdi  den  Aethet  dem  Stnhl. 
Suite  iu  THtranto  6«aeti  in  du  Zulell'e  gmucnden  WDDdern— 
Soeht  den  niiiendcn  Pol  in  der  Brec^eiunBgen  PlocU. — ScAiiltr,  179&. 
Sdenee  the  wiaie,  de«p  mmnng  ia  ecU  onr  tdiele  md  ^en, 
Enmra  ud  edorM  (he  Fover  wUcli  Uuonf^  enation  it  titelra, 
Ueeuret  the  lOKta  at  nutter — the  hatei  and  kiTee  of  the  m 
Soond  tluoDgh  its  welting  bnei^  light  Hi 
Seekl  in  tJie  merreli  of  ikinn  the  hw  irhidi  pondea  end  eonlioli  it — 
Se^  the  repoeing  pole  Oied  in  the  whitl  of  erent*. 
Rom  a  tnaultitum  If  Sir  Jolm  Htncitl,  Bart.  priMttdfirfrtKiU  cira^aHon. 
0°)  P-  10' — Ango'B  "microm^tra  ocnlaire,"  >  happy  improrement  on 
Bodion'B  "  milToinftre  prinnatiqoe,"  or  "  i  doable  riCraetion."    See  the  aol4 
oTM.  Mathi«aiatheHiit.dBrAitr.  an  ISme  likle,  per  Selambce,  1S2T, 
P.6B1. 

(")  p.  23. — Came,  too  deu  Urthtdten  dca  Knochen-  mid  Scnaien- 
Gerilates,  IBSS,  f  6. 

(B)  p.  33.— Plat,  in  Vita  Alei.  Magnl,  cap.  7. 

(")  p.  27-^nie  roeltii^  points  of  rabBlences  o(  vetj-  diffieult  fusion 
are  nanall;  given  much  loo  high.  According  to  the  Teiy  accniala  n- 
MSrdiea  of  Mitscheclich,  the  melting  point  of  grmito  can  haidljr  exceed 
1300°  Cent. 

^*)  p.  38.— See  the  classical  work  on  the  fishes  of  the  old  wt^  h; 
^eaiii,  enticed,  Kecberches  sui  le>  Poiesoos  fotales,  1834,  Vol.  i.  p.  3S ; 
Vol.  ii.  pp.  S,  2S,  84 ;  Addit.  p.  0.  The  whole  geona  of  Ambln^rus,  Ag., 
neail;  allied  to  Palaoniscua  (tonnetlf  PalKothrissum),  lies  buried  beneath 
the  oolitic  fannation  in  the  old  carhpniferoos  strata.  Scales,  which  in  some 
■itnations  aie  formed  like  teeth,  and  covered  with  enamel,  from  the  family 
Ifpidimlee  (Order  of  Oanoidei),  belong  to  the  oldest  fbrma  of  ancient  fishci 


X  NOTES. 

■An  the  Pbcradii :  tbaritiUlinDgrepniaitstivwuafonndmtiragenciv^ 

Bichir  in  tb«  Nile  and  Senegal,  aitd  Lqiidosteiu  m  tlie  Ohio. 

(»)  p.  20.— Goethe  in  Ox  ApbnlaDU  on  Nltiwal  Saaux,  ia  the  amdl 
editjan  of  hia  Worlis,  1833,  Vol.  L  p.  156. 

O  p.  37. — Arago'B  discDieriea  in  the  jax  ISll  (Ddamhre,  Eiateire  da 
I'Aittoaomie,  p.  652). 

(W)  p.  37.— Goethe,  Aplofirtiohei  fiber  Sit  Netur:  Werke,  B.  L  S.  4. 

(»)  p.  39.— Psendo-Hato,  Alcib.  ii.  p.  148,  ed.  Steph. ;  Plut.  Institnti 
heocict^  p.  25S,  ed.  Hutlen. 

p^  p.  44.— The  "Margarita  philoaophica"  of  Gl^riusBfiiBch,  prior  of  the 
Chartreuse  new  Rrabui™,  appeared  fiist  onder  the  tille  of  "  Spitome  Omnii 
Ptilaeophiie,  aliaa  Margarita  philoBophica  tnietans  de  omm  genne  scibilli." 
Thi>  title  was  retmued  in  the  BradeUietg  ediUon  of  1486,  and  in  the  StnobtirB 
edition  afl604i  hut  in  the  Trabui^  edition  irf  1504,  end  in  twehe  anbie- 
qiinit  ones  whieh  speared  in  Hie  ehort  tnterral  between  that  year  and  1535, 
the  first  part  of  the  tjtle  was  omitted.  This  work  had  a  great  inflnonce  oa 
the  eiteniion  of  mathematiCBl  and  phfdcal  knowledge  in  the  beginning  of 
the  aiittenth  centmj ;  and  Chaslea,'  the  learned  anthor  of  the  Aporpi  his- 
torique  des  Methodes  en  Geomeliie,  (1S37,)  has  shewn  the  great  importance 
of  Beiech'a  Encjclopadia  in  the  mathematical  history  of  the  middle  ages.  1 
have  endcayonred,  by  means  of  a  passage  found  in  a  single  edition  of  ibA 
Margarita  plulosopbica,  (that  of  lalS),  to  elucidate  the  inqwrtant  qoesticai 
of  tlie  relatiuQB  betneen  the  geographer  of  St.  Die,  Hylacomilus  (Mirtis 
WaldseemuUer),  who  Snt,  in  the  year  1507,  gave  the  new  continent  the  name 
of  jisierica,  and  Amerigo  Veepucci.  Bene  king  of  Jerusalem,  and  the  cele- 
brated editions  of  Ptolemy  of  1618  and  1523.  See  my  Eiamen  critiqoe 
de  la  Geograpbie  du  Nouvean  Continent,  et  des  Vtogihi  de  rAitrommiie 
nautiqae  am  IB'  et  16'  SMea,  T.  iv.  p.  89—135. 

O  p.  45.— Ampere,  Essai  set  la  FMlasapliie  des  Sciences,  1S34,  p.  26; 
Whenell,  PhiloBophy  of  the  Inductive  Sciences,  Vol.  ii  p.  277  ;  P»"t. 
Pantology,  p.  87. 

P)  p.  45. — He  reduces  all  changes  of  condition  in  the  material  worid  to 
motion.  Aristot.  Phya.  sosc.  iii.  1  and  4,  p.  £00  and  301.  Bekker,  viii. 
1,  8,  and  0,  p.  250,  262,  and  265.  De  Gener.  et  Con.  ii.  10,  p.  S3S. 
Pseudo-Aristot.  de  Mundo,  cap.  6,  p.  398. 

(^  p.  50. — On  the  question  already  raised  by  Newton  himself  of  the 
difference  between  the  attraction  of  masses  and  molecular  attraction,  see  L^lae^ 
Exposition  dn  Systeme  du  Monde,  p.  384  j   and  Supplement  an  Livie  Z.  da 


la  Mkuiqae  nBttte,  pp.  3  and  4.  Kmt'^  MeUphfBicBl  Prineipln  of  Nitonl 
Scimce,  ColL  Woili,  ISSd,  VoL  t.  p.  SOS.  Feclet'i  Flijaiqae,  183S,  T.  i 
p.69— B8. 

ffl  p.  B8.— Foiuon,  in  Conn,  de>  Tenu  pom-  I'Annfe  1836,  p.  01— M. 
Beaael,  in  Poggendorff*!  Annalcn  der  Phj»k,  Vid.  nv.  p.  417.  Encke,  in 
Abluiidliiiigeu  Ser  Berliner  Icidanie,  18S6,  p.  2S^.  MitMhulich,  Idubndt 
der  Chemis,  1SS7.  Td.  i.  p.  862. 

0*)  p.  GS.— Ctanpara  OUried  Mailer,  Doner,  Bd.  i.  S.  BS5. 
(?*)  p.  U. — Oeogr^Ui  genenlig,  iu  qui  iffectionei  gencnlc*  tcUiuii  - 
erpIitsntaiT.  Hia  oldcM  Anuterdun  (Eluvir)  tditi<Hi  date*  in  1S50;  the 
Becood  and  third,  in  1.6TS  ud  1B81,  wen  prepired  it  Cambridge,  at  Newtoa'i 
Buggestign.  Thii  accedjogl;  important  woii  of  Vareoio)  >■  a  Fbyaical 
Greogn4>hy  in  tliB  profti  aeoM  of  tfae  (mn.  Telluiic  plueDomena  had  not 
been  treated  with  inch  geoenlity,  nnce  the  exceUent  natnnl  deacription  of 
the  new  continent  Inced  bf  the  Jeiait,  JiMe}di  de  Acoila,  in  hit  irork 
entitled  Hiitoria  natonl  da  lu  Indiia,  1600.  Aeoata  ii  lictar  in  obiier- 
Tntiont  of  hii  onn :  Vareniua  embracci  a  gntter  range  of  ideu ;  hii  life  in 
Holland,  the  center  of  the  eommeree  of  the  world  at  that  period,  biviiig 
bmaght  bim  into  sontaet  with  m&n;  well-informed  travellerB,  "  Oencrali* 
dve  univeraalia  geograpMa  didtor,  qua  teUnrem  iu  genere  cansident,  atqiia 
affectionea  eiplicat  nan  habita  particnlariiuii  r^ionum  ratione."  The  General 
Geogr^ih;  of  Varenina  (Para  abaolntA,  cap.  1 — B2)  ii,  in  the  foil  import 
of  tha  term,  a  comparative  geagnfbj,  althongh  the  author  usea  the  term 
Geogrqibia  compecativa  (cap.  33 — 10)  in  a  much  more  rettricted  wnae.  I 
nuj  cite  aa  remarliable  puts  the  toomeration  of  lystemn  of  mountain^  with 
the  relation  of  their  dinctioiu  to  tiie  fbrm  of  the  contincDta  (pp.  66 — 76, 
ed.  Cantahr.  1681) ;  the  lilt  of  adiie  and  eiUnct  volcanoat;  the  asaeni- 
bbge  of  notices  on  the  diatiibntion  of  ainglB  idaiida  and  grwipa  of  ialandi 
(p.  S£0) ;  the  considerations  on  the  depth  of  aeaa  conqiaTed  with  the  heighta 
of  neighbnnriDg  coasta  (p.  103)  i  on  the  equal  Icrd  of  the  anrface  of  ill  open 
aeas  (p.  B7) ;  on  cnrrenla  as  depending  on  prevailing  winds ;  on  the  nnequd 
aaltneaa  of  the  aea,  and  the  mnfignnlJoa  of  coaata  (p.  1S9) ;  the  directioiia  ot 
wioda  aa  conaequencea  of  divenltf  cf  temperature,  &c.  The  cooaideialions, 
in  page  140,  on  the  general  EquinactiBl  corrent  from  eatt  to  weat  aa  a  came 
of  the  Gnlf  stream,  which  hegint  at  Cape  San  Auguttin  and  iasnei  forth 
between  Cuba  and  Florida,  are  also  excellent.  The  directiona  of  the  current 
■long  the  west  coast  of  A&ica,  between  Cape  Verd  and  the  island  of  Fernando 
To,  iu  the  Gulf  of  Guinea,  are  deacribed  with  eil 
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idaudi  in re^iatM  bj  Tanniiu  is  Uie  "raiaed  bottom  of  Ottea;" — magu 
qimtimm  incliuocem  vi,  aicot  iili^uBnclo  montea  e  tmi  protruHW  esse  qoidfoi 
Kribnnt  (p.  216),  The  editioQ  of  IflBl,  by  Newtira  ("anctiot  et  emeada- 
tior"),  tootuBg  onfoitnnetdj  no  additiou  from  the  pen  of  the  gaM  maker. 
The  t^ieroidil  fignra  and  com^eauon  of  the  earth  sn  no  irtme  mentioned, 
•Ithoi^  Bicba'i  Ftmdiilam  Experiments  an  nine  jeu»  older  tbsa  th* 
Cambridge  edition :  Newton'a  Prinrjpia  were  Grat  commaDieated  to  the  Bojd 
Society  irf  liondMl,  is  mBQiucr^,  in  April  1686. — There  ie  mncfa  nnoertainty 
M  to  the  utiTa  eoantrr  of  Varenios.  Aocording  to  Jochn',  he  waa  bora  in 
England;  acootding  to  tiie  Biognphie  UniTcraelle  (£.  ilcii,  p.  4|}5), 
in  Anultt'dara ;  but  both  Bappositiona  sni  abewa  to  be  enoaeous  by  the 
dedication  of  hii  General  GeogtajJiy  to  a  Bqi^omaster  of  Amaterdara,  in 
iriiieh  be  taya  aiprcaaly ,  "  that  he  had  eongbt  refuge  iu  that  eit;,  bia  am 
oatirs  tcxm  having  twen  hiid  in  aahea  and  entirely  destroyed  daring  the  long 
war."  Tbrcae  words  seem  to  indicate  liorthem  Germany,  uid  the  derasta- 
tiona  of  the  Thirty  Veara'  'War.  Moreover,  Tarenius  remarla,  in  the  dedi- 
«ation  of  hii  Deacriptio  B^ni  Japoniffi  (Amat  1649)  to  the  Senate  rf 
Hambnrgfa,  that  he  had  made  bia  first  mathBinatical  atndiea  in  the  Harabnr^ 
Qymnasiiun.  There  ia  little  or  no  leaaon  to  doubt  that  tUa  admirable 
geographer  waa  ■  German,  and  a  native  of  Liinebac^.  (Witlen,  Mem.  TheoL 
1885,  p.  2143 ;  Zcdlcr,  Univeraal-Leiiton,  Tb.  ilvi.  174B,  S.  187,) 

C)  p.  54.— Carl  Rittfr'a  £tdkiuide  im  Verhnltnits  zni  Natur  imd  tur 
Geschichte  des  Menedien,  oder  allgemeine  vergleicbeode  Geogniphie. 

C^  p.  56. — Koir^t,  in  its  most  ancicut  and  proper  aigiiliic&tioo,  im 
UeFely  "omament"  (aa  belonging  eitber  to  the  dress  of  men  and  women,  off 
to  the  caparieoa  of  horses) ;  figuratively,  it  implied  "order,"  for  (vrajia,  a.  i 
jnuBienf  qf  ipetci.  The  ancients  are  unanimous  in  affirming  that  Fythagor,  • 
oas  the  £nt  who  eniplayed  the  word  toaigDifj  "  order  of  the  aniveise,"  or 
World  or  Universe  itself.  As  he  left  no  writings,  the  oldest  passages  in  evi- 
dence of  this  are  the  fragments  of  FMIolins  (Stob.  Ecli^.  pp.  SSO  and  4IIOi 
Heeren,  FMlolaos  von  Bockh,  S.  62  ond  90).  I  do  not,  with  K&e,  adduce 
Tim«ns  of  Ixiarie,  because  his  anthenticity  is  doubtful.  Plntarcb  (De  Plrs. 
PJiil  ii  I)  eaja  decidedly  that  Pythagoras  first  cslled  the  Universe  Kouhm. 
becanse  of  the  order  which  reigna  throi^hont  iti  also  Galen,  Hiat,  I^U. 
p.  429.)  The  word  with  its  new  aigniOealion  passed  from  the  philoeophio 
tchool  into  the  lai^vage  of  poets  of  nature  and  of  prose  nTiters.  Plato 
eooldnnM  to  deaignal«  celestial  bodiee  as  Uianos,  but  be  too  calls  the  order 
d  the  nnivose  Kosmos  j  and  in  Timttos  ta 


an  ftmul  ndowed  with  tod  {noriiot  fwir  (fu^w).  CmspcM  Assiaj;. 
Clu.  (eil  Sclunbach,  p.  111}  wd  Fli^.  (De  Fiac  Fhil.  ii.  S)  on  the  inmute- 
rial  ordering  apiiit  of  th*  nniTene.  Is  Ariatotle  (De  C<b1d,  i.  9)  Komoob  ia 
"nniTerw"  wid  "  mia  ol the  amat."  It  mi  also  nmridcnd  u  diiided 
ia  tpaee  into  tha  inbltuurf  nodd  md  the  higher  world  ahiiTO  the  moon 
(Meteor.  I  2, 1,  ud  1  S,  IS,  f.  SS»  a,  md  UO  i,  BiU.)  The  deaDitian 
of  the  KuHHDi  cited  bf  me  in  the  text  from  the  FMiido-AriBtoCdei  de  Hiiodo 
lai^.  ii.  p.  391),  ran*  thoe  ia  the  original: — ■«>»(  tm  oiwrqfu  •{ 

■VfKUWH  (CU  rW  KB  TBT  *r  nVTIKI  npUX'/UraD  ^tWHTf.       ArjXTEU    Bi    icai 

(T(fUH  MfffUH  q  mr  oAn  Ta{it  «  mu  hajEaoyiita'u,  v»  (Htr  ti  icu  Sia  S*«r 
^vAom/itnt'  I  find  autt  of  the  pau^e*  from  Greek  writnm  on  the  labjeDt 
of  Koaoias  sBssmbled— 1st,  in  the  coatrorerual  writings  of  Richaid  Bentle/ 
against  Charles  Boyle  (C^ukoU  Fhilolc^ca,  1781,  ff.  S47,  *iS ;  Diuerta- 
tion  ipou  the  EfHstin  of  Fheluis,  181T,  p.  EGl),  on  t^  hittorie  eiiitence  of 
Zalencos,  tlte  Lomimi  l^iilator;  2d,  in  Nut's  eieelleDt  Sched.  Crit.  1812, 
pp.  9—1& ;  and  Sd,  in  T!na(ih.  Schmidt  ad  Cleom.  Cyel.  Theor.  Met.  i.  1, 
p.  a,  1,  and  99.  Koimos  was  also  used  ia  ■  more  reslricled  senae  in  the 
l^mial  (Pint.  i.  5),  cither  as  ^ipHed  to  each  separate  star,  or  heaven^  bodjr, 
or  "  world"  (Sloh.  i,  p.  511 ;  Pint.  ii.  18),  oi  to  aepanta  i;itenis  of  worlds, 
or  worid-ialandg,  eacb.  having  a  uu  ao^  a  moon  sssumed  to  exist  u  inSnils 
■pace  (Aoai^.  Claz.  Fragm.  pp.  89,  93, 120;  Brandis,  Gesch.  der  griechiuh.- 
t^mischen  Phitosophit^  Bd.  i,  S.  2!12).  As  each  groi^  thas  became  a 
Kosmos,  the  nnivme,  r*  vor,  was  a  higher  sad  more  compiehensiTe  idea, 
different  from  Koamos  (Pint.  ii.  1).  It  was  not  till  long  sflct  the  time  of 
the  FtiJemies  that  the  word  Kosmos  was  first  applied  to  the  earth.  Bockh 
bas  made  knawa  inscriptions  to  the  pcuie  of  I'rsjiin  and  Adrian  (Corpns 
^CF.  Giieo.  T.  i.  N.  334  and  1806),  in  whieh  »i7>»i  is  sabstitutcd  for 
nuitvii*ni,  jost  H  we  ofien  aj  "world,"  meaning  only  the  esttL  The 
triple  divi»on  of  uniTersal  space  into  "Oljmpus,"  "Kosmce,"  and  "Unsoa," 
•Ihided  to  in  tiie  text,  (Stob.  i.  p.  483  ;  Philolaos,  S.  91—102,)  relates  to  the 
di&rmt  r^orn  wMeh  sorroniid  the  hearth  or  focus  of  the  universe  llie  Pytha- 
gorean (irria  t*v  worrof .  The  innermost  t^on,  between  the  earth  and  the 
noon,  the  domain  of  the  "  variahle,"  is  termed  in  the  IPragments  "  Uranos." 
1^  middle,  or  that  of  the  nuTarying,  weU.ordered  revolving  planets,  is,  in 
accordance  with  a  peculiar  liew  of  the  universe,  eidnjiiely  termed  "  Koamos." 
The  onler  n^on  ii  a  fiery  one,  and  is  "  Olympus."  Bopp,  the  profonnd  in- 
Tcit^stoi  into  the  affinities  of  langn^ea,  remarks,  tiiat  "  if  we  derive  noaint 
bom  tlie  Sanscrit  root  'tud',  piurifican,  as  Fott  had  previoirdy  dooe  (Etynud. 


Fonchiingen,  Th.  i.  S.  SQ  *aiid  352),  then  we  iliill  )ave  to  eonnder,  I* 
phoDic  reUtiaiu, — IbC,  that  the  Greek  «  (in  Ktrfua)  his  proceeded  from  tht 
jMJatial  t  [whidi  Bopp  eipresau  by  /■,  uid  Pott  bj  f),  u  8«m,  decem,  GoUiic 
l^uituR&om  thelndiUKfrui^;  2d,  that  tha  IndUn  iT  eorreeponds  r^nlai^ 
(Veigleichende  Qramm.  i  89)  to  the  Greek  *,  wherehy  we  perewye  the  rela- 
laoa  of  iMirjiai  (for  uS/ut)  to  the  Sanscrit  root  'ind';  wbenee  ebo  natfcqisi. 
Anotlicr  Indian  exprcsiion  for  world  ii  gagat  (prononnced  dieh^at),  i£  wbidt 
the  propel  Ngnifieetion  is,  'Qieginng,'  astheputidpb  of  gigbni,  'I  go^ 
(from  Uis  root  gfi}."  In  the  iuuer  ciide  i^  HeQaiie  etTSudogy,  k*s>im 
oonnecta  itsdf,  aecDTding  to  Etpa.  UL  (p.  682,  12),  most  dincU;  with  cajW, 
Ot  [sther  with  nun^uu,  whence  KiKiurnirai  or  xnEatficnf.  Welckcr  also 
eomhines  with  this  (Eine  kietisclie  Col.  in  TliEben,  S.  2S)  the  name  icaaiiM, 
U  in  HeeyeMns  icoS/um  ugniflea  a  Cretun  suit  of  armonr.  When  the  Bom)a» 
adopted  the  technical  langooge  of  tlie  philosophy  ot  the  Greeks,  they  ^iprD- 
ptiated  in  s  unuhr  namer  the  word  tntmdna  (which,  like  naafMs,  had  origi- 
nal^ lignifled  female  ornanumt)  to  the  "anlverse"  or  "world."  Eonins 
qspeaia  to  have  b««a  the  first  who  ventured  on  this  novelty :  sccoTding  to  a 
{ragment  preserved  hy  Maizobliu,  he  says,  in  hii  dispute  with  Virgil 
(Ssl  vi.  B),  "MnndosCTBli  vBstneconstitit  silentlo;"  ai  Cicem,  "quemnoa 
loeeatem  nmndam  vocamoa"  (TimEcnt,  9.  de  Univ.  e^  10).  The  Sansoit 
coot  maud,  from  which  Pott  (Etjm.  Forsch.  Th.  i.  S.  SIO)  derives  the 
Latin  mnndns,  combines  tlie  two  ^^lificatiaiii  d  ihinjng  and  adomiug. 
"  Laia,"  in  Sanscrit,  uguides  both  "  worid"  and  "  people,"  like  the  'Eretai 
"monde,"  end  is  derived,  according  to  Bopp,  Erom  Wk,  to  see  and  to  shine; 
in  a  similar  manner  the  Slavoniio  n^et  ia  both  I^ht  and  world,  ZieU  tatd 
Wilt  (Grimm,  denteche  Gramm  Bd.  iiL  S.  SS4).  He  otiginal  meaning  of 
.he  latter  word,  'Welt,  of  whieh  we  now  make  nae,  weraU  in  the  old  H^ 
German,  worohl  in  old  Saxon,  and  verold  in  Anf^o-Saion,  rdbned  rather  to 
time  (sacDlnm)  than  to  spaee.  Amongst  the  Tascan^  the  "mnndns"  wia 
an  inverted  dome,  an  imitation  of  the  doma  of  the  ak;,  or  the  vsitt  of  th* 
heavens  (Ot&ied  Muller,  Etrnaker,  Th.  ii.  S.  96,  9B,  and  148).  In  its  mon 
restricted  telluric  meaning,  the  word  appears  in  the  Gothic  luignage  is  the 
disk  of  earth  fprt  by  aea  (maied,  men),  oris  "merigard,"  a  sea-garden. 

(^  p,  67, — Respecting  Ennins.  see  the  ingmious  iavestigeljona  of  Leopold 
Eiabner,  in  his  Grnndlinieu  loi  GescMchto  dea  Ver&ll's  der  romischen  Staala- 
Beligion,  1837,  S.  41 — ii.  It  is  probable  that  Ennins  did  not  qoots  from 
writinga  of  Epicharmni  himse^  but  from  poema  mitten  under  Ma  luune,  lod 
according  to  the  viewa  of  his  system. 


(!»)  p.  59.— AnL  GdL  Nod.  Atl.  V.  itHL 

^  p.  6S. — ScbcUia^a  BmnD  on  Uie  Diiine  >ml  IfBtonl  Frincipla  l£ 

TUngs,  p.  ISl. 

(")  p.  7S- — llu  optici]  (nmndcntiona  tdative  to  the  iifiaam  in  the 
intensity  of  li^t  pnaoited  bj  i  angle  Inrntnoiu  pcant  ind  bj  ■  disk  nb- 
tending  in  ^precdablc  u^e,  an  explained  in  Ango'i  Aniljse  dn  l^ma  d* 
Sir  Williiun  Henehd  (Annmiie  dn  Barnui  dea  Longitndea,  1S4S,  pp.  410 — 
412,  Bud  441). 

O  p.  76. — "The  two  H^enanie  dondi,  Nnbenih  Hijiv  ind  Minor,  m 
extremely  renurbable  olijeetL  The  greatO'  ta  a  clattering  collection  of  itar% 
mnd  Gonmsta  of  dosten  <i  irregnlir  form,  <rf  pabular  <Juat<n,  md  nebolB  c^ 
Tariooa  msgnitodea  mi  d^nea  ol  eoodenntion ;  among  theae  then  oocnr 
Jargt  nebiilaiia  apacci  not  reaohdie  into  itara,  bat  which  jet  are  prabal^ 
tlar-diat  (eonpowd  <rf  toj  minnte  atan),  and  which,  even  in  tlie  twenl^-fitt 
leflector,  qipear  onlj  aa  a  genenl  iUidniiialion  irf  flia  field  i£  new,  and  form 
m  bright  gronnd  niioa  which  other  olyect*  of  very  remarkable  and  mjatcckiat 
charactcra  are  acattered.  In  no  other  part  of  the  heaieu  an  to  man;  ndnille 
tuid  claatera  of  atan  crowded  together  aa  in  thii  Nubesnia.  The  Nnbecnla 
Minor  is  1eb>  atrlldiig.  It  eihlbila  more  nebolooa  iirciolrabfe  light,  and  tba 
dnslera  which  are  icattered  ana  it  are  fewer  in  nebnlK  and  leaa  briHitnt." — 
(From  a  leUer  wntten  h;  Sir  John  F.  W.  Hcnchcd,  from  Fddhanaea  at  ta« 
Cape  ot  Good  Hope,  Jane  IS,  ISSfl.) 

^  p.  77. — I  ahonld  hare  intiodDcad  the  fine  dprcsaioD  XV**  vuporo* 
(which  Hesfdiioa  borrowed  from  aome  onlmown  poet),  when  apeBlaiig  in  an 
earlier  page  of  Oie  "Qarden  of  the  TTnivene,"  if  xaprat  had  not  rather  ug- 
nified  more  gcnerall;  ao  enelond  tpaee.  Tie  connectioi  with  the  German 
Eartettt  gardm,  the  Gotbie  jardt  (derivfld,  according  to  Jacob  Grimm,  fron) 
ffoirdffB,  cingere,  En^  gird),  cannot,  hoWBTcr,  be  mistaken,  an;  mcaie  thaik 
the  affinity  to  the  SUtonian  /rod,  gorod,  and,  aa  noticed  b;  Fott  in  hie 
Etjmol.  Forach.  Tlu  i  S.  144,  to  the  Uin  cioit  (whence  cortt,  eosr,  and 
the  Oaa^o  iiarti.  Te  ma;  perceive  a  fiirUier  connection  with  the  Northern 
fford,  gerd  (encloailr^  Of  place  hedged  ronnd  aa  a  eoort  w  aa  a  coontr;  leat), 
and  the  Feraian  gerd,  gird,  drde,  diatrict,  as  applied  to  a  princd;  countr; 
seat,  castle,  or  town,  u  in  ancient  nanxB  of  placo,  in  lirdosi'i  Shahnameh, 
Siyawakachgiiid,  Daral^ird,  &e. 

^  p.  79. — Bespecting  ■  Centann,  we  Maclear'a  reaolts  in  1839  and  1S40, 
itt  the  Traua.  of  the  Aatronomicol  Society,  Vol.  lii.  p.  870 !  probable  mean 
oror  0"0e4Q.    Fof  01  Cygoi,  aee  Beasel,  in  Schiunacher'i  Jabrbneh,  ISSO 
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S.  47—49,  and  in  the  Aitrcnomi«cbe  NubrichteQ,  Bd.  irii.  S.  401,  402 ; 
m^n  error  0"014].  Bespecting  Ihe  nJotiie  disUdws  irf  atan  of  different 
magaitades,  how  those  of  the  third  ma^itode  maj  probably  he  three  times 
more  diataat,  and  in  what  m&aQar  we  may  represent  to  ounelve^  the  arrange- 
ment of  the  eidereal  strata,  I  find  in  Eepiei's  Epitome  AatronomiBi  Copemj- 
cm^  IfllB,  T.  i.  Lih.  i.  p.  S4— 39,  a  remarkable  pasa^e :  "  8ol  hie  nostei 
niloliod  eat  qnam  una  ei  Giis,  nobis  n^jor  et  cUiioTTiaa,  quia  proprior  qu&m 
flia.  Fonc  terram  sCsk  ad  latna,  mio  senudiametro  viee  lades;,  tunc  hsx 
via  laetea  apparebit  eircdliia  parms,  vel  ellipis  porva,  tota  dixlinane  ad  latua 
slt^aWD ;  eritqne  umul  ono  iotoitu  eonapicua,  quie  nunc  nan  potest  nisi 
dinddia  oonlpid  qnoria  momento.  Itaqos  Gmom  qitucr*  nan  tantum  orba 
itelbmm,  aed  atiam  cireolo  ladii  verans  nea  deoranm  est  termbals." 

1")  p.  S2. — "  Si  dana  les  zones  abandonneee  par  ratmosphere  do  aoleil  il 
•'eat  trouT^  dca  motemJee  tn^  Tolatilea  pour  a'aair  enlre  ellea  on  am  plan^tea, 
allee  doivent  en  continuant  de  eircaleT  Aitour  de  eet  atlre,  oBHr  tontea  lee  up. 
pareDOei  da  la  Inmiire  zodiacal^  Sana  oppoeer  de  refflatance  leusible  am  direra 
corps  da  ajatrma  planflaire,  >oit  j>  raoaede  lent  ertrema  rarete,  aoit  parceqns 
lenr  monvement  ert  i  fort  pen  prb  le  meme  qne  eelm  des  planJtei  qo'dlea 
nacoub^ent," — Laplace,  "Sif.  dn  Syat.  dn  Monde  (ed.  E),  p.  415. 

(*<)  p.  S2. — Laplace,  Sip.  dn  Sjtt.  dn  Moude  (ed.  B),  pp.  39S  and  414. 

^  p.  82.— Littrow's  Aatronomie,  1825,  Bd,  ii.  S.  107.  Madler,  Astr. 
1841,  S.  SIS.    Laplace,  Bipoaition  dn  SystSme  do  Houde,  p.  210. 

C)  p.  84. — Kepler  on  the  increasing  Tolume  and  denaiC;  of  Ihe  pkneb 
with  the  increase  of  their  distance  from  the  ann  or  central  bod;,  itself  do- 
aerihed  as  the  densest  of  all  the  Leavenly  bodies  (Epitome  Aslron.  Copem.  in 
TiL  lihcos  d^^eeta,  1613—1622,  p.  420).  Leibnita  was  also  inclined  to  the 
opinion  of  Keplei  and  Otto  von  Goerieke,  1. 1.  that  the  planets  increase  in 
folnme  in  proportion  in  thrir  distance  (rom  tlis  ann.  See  Vi»  letter  to  the 
Uagdelinrg  Bnrgomsater  (MaiDt,  16T1),  in  Le^ntb,  dentschen  SchriiteD, 
hcnnsg.  tod  GnhronEr,  Th.  i.  S.  264. 

C)  p.  34. — For  a  tabnlar  atatemeot  of  the  maues,  see  Encke,  in  Schn- 
'    maeher's  Asli.  Naehr.  184S,  No.  4SS,  p.  114. 

(*)  p,  87.— Taking  the  eemi-diamet^r  of  the  moon  at  0.B73B,  according  to 
Bnrckhardt's  d^erminaliDn,  and  its  Toliime  at  — -^  il«  density  is  found 
O.SSSS,  or  {  nearly.  Compare  also  Wilhelm  Beer  and  H,  Mudler,  der 
Mond,  S.  2  nnd  10,  aa  well  as  Miidler,  Astr.  S.  IGT.  The  material  coitteals 
are,  according  tir  Hansen,  nearly  -^i  and  according  to  Ifadler,  — '  of  thoas 
td  the  cutb.  and  ita  mass  ~   of  that  trf  the  estth.    In  the  largest  dC 


Jv^tor'i  Sitellita  (the  Quri)  ila  ntim  <i  vcJonu  ud  bi*m  to  ih«  temn 
jdanet  Bie,  af  volame  xtirst  o^  ""»<  Trimr-  (^  )'''  EUipticitj  irf  DniuNt 
aae  SchumacIicr'B  Artron.  Nacb,  1841,  No.  4S8. 

(*>)  p.  90.— Beet  imd  Midler,  dn  Hoiid,  { 186,  S.  i08,  ud  { 147,  S,  BS2i 
and  VWji.  Eenntniu  der  bimmL  K^per.  S.  4  and  AO,  1U.  I. 

(*<)  p.  02^— The  pathi  of  th«  font  fint  oomeU  wbidi  it  hM  been  poMtda 
to  iaTotifato,  ha«e  betn  computed  from  ChincM  oliMnatioii*.  Thej  an 
HioM  <rf  240  1^  the  ragn  of  Gordiu  IIL),  of  BS9  fin  Out  of  JiutimBn),  of 
fiS6,  and  <i  SS7.  Aceording  to  Dn  Sqonr,  Ab  liat  <rf  Hieae  mnat  liRnt  been 
txt  fbm-uid-tiraitr  luHin  BOOOOOO  geogn^iical  miki  only  froiB  tin  caitk 
It  ^peend  dnriiig  ll>«  TcigD  of  Lomt-le-DAoimeiTe  (the  Kn  of  QuileBugne). 
and  wse  thoi^ht  to  progncctieaie  dimtan  iddeb  that  moDudi  wnght  to  avert 
by  {oQiidJiQ  amrentml  eitibliahiiiBiita,  whilit  the  Chicoe  utronomen  mn 
•cicmtificaUf  eogsged  in  bnemg  it*  path.  Iti  tail  waa  BO  degieea  ia  length, 
and  apfnnd  aometinMa  nmjdc  and  soaMtinteB  dhided.  'Hu  first  eonrt 
computed  eielusiTel;  from  Enropcao  ohiemticini,  ii  that  of  14SS,  nt  Hall^i 
cornet^  ao  named  on  the  occasion  vldidi  waa  hmg,  flioi^  ancoeanal;,  mp* 
po««d  to  hars  been  ila  flrst  well  aacerfBbiBd  qipeannoe.  Arago,  Aumain^ 
1886,  p.  S04;  Iddgier,  Comptea-Tecdu  dia  S^oea  do  rAcadcmia,  1848, 
T.  ivL  p.  1006. 

C^  p.  9S.— Arago,  Annnaiw,  1843,  p.  tOS^SlI.  A«  tta  laQ  of  the 
flDmet  of  1402  was  Men  in  bright  mnduna,  ao  alio  in  the  recent  greet  comet 
of  184S  the  nncdeue  and  tail  wen  naible  on  the  2BUl  of  lebnuiy,  in  If<»ih 
America,  between  <Hie  and  thcee  o'clock  in  tha  afternoon.  [J.  G.  CSuke,  <tf 
Portland,  in  the  Stale  of  Heine.)  Tha  diabaice  of  the  Tety  denie  imcleat 
fromthenm'alimb  could  he  measandifitbgreitenKtueas.  Ilie  nncleni  sod 
tail^ipeaiedaaafErjr  pmewMtedoad;  between  Un  tail  nd  Oe  nnclras 
tiieie  wu  one  duker  part.  (Amariean  Journal  of  Sdenee,  Vol.  iIt.  No.  1, 
p,  329;  Schnm.  Artr.  Naehr.  1S43,  N.  491,  S.  175.) 

(«)  p.  9S.— PhiL  Traos.  fat  1808,  Pt.  ii.  p.  15 B  ;  and  fin  1813,  Pt.  i. 
p.  118.  Henchel  fonnd  tbe  diameten  of  the  nncid  538  and  428  Esgligji 
nuke.  For  the  dimensions  of  Uie  coidbU  of  1798  and  ISOS,  Tide  Arago,  ia 
the  Ajmuaire  for  1882,  p.  203. 

(*  p.  96. — Arago,  dee  ChaDgetneas  pbjeiqiica  de  la  Com^te  de  HnHey  do 
1(— 33  Oct.  1835,  in  the  Annnaire  for  1835,  p.  31S— 221.  The  usual 
flection  of  the  enunationa  had  been  remarled  in  the  time  of  Nero:  "Com» 
ndioa  BoUa  cffogiallt.''    Seneca,  Nat.  Qnoat.  vii.  20, 

(")  p.  06. — Btaael,  in  Sdmmaehcr'e  ABtrraunnitche  Nachricbten,  I9S9 


H.  SO»--«>t  a  IM,  IW,  1«7.  SOOi  20%  >d  230;  ^  i>  Sdn. 
JtkAoA,  UI7,  8-  1«— 168.  WiQiB  Hnbl  m^And  A«  n  kk 
obKnXkwdf  OcGKCOMtgrUll,  ke  b^  ctAkb  of  ifa:  ntM^iiB  << 

Oc  ndM  Bd  toL  no.  Tfmm-  1B1%  FL  L  p.  14a  D^bf^  at  Fte» 
Mtta.  Uk»^  the  aidB  n^eeti^  lk>  lUid  Bimct  of  l^aS. 

(")  p. »«.— Bead,  ii  Of  Aitr.  Nicte.  ISU.  N.  SOS.  S.  2S1 ;  Si^ib. 
Mrt.  1837,  8. 17S.  Akd  BiB^c  lih— ■  ibs  CBDEtOBknifc,  ta 
Bode*!  AAOD.  Jibik.  fnr  188^  8.  ISS. 

(^  p.  M.— AntoL  Mcbnr.  i  B.  11—14  nd  1»— SI  (ed.  lUer.  T.  L 
p.  S3— M).     Sift,  FUL  da  AiuMcka,  Bd.iLS.B6.    Tk  ^rad  iBflKsce 
^■^(Htte  abide  at  the  ni&lb!  ^i^ 
w  rtfxtt  Ihit  he  dMMld  hen  bees  »  t^poaed  t« 
TTirmofthcUnieof  theamrenB  mtatnmed  I7  (k 
it  ^Fthig(H«iB  KheoL    He  pmiDimees  eomd*  to  he'  tnuBtiaj 


A*  FftblgoraB  opnini,  Uut  tbef  were  phoelB  (rf  kng  rendattoQ  (Ariitct. 
L  6, 1),  nil  VjOufpttMK  **■*"*»".  whidi,  enordiug  to  the  teetimonj  of 
ApponoiDM  HjmdiiH,  hvl  been  itiD  nun  unwntlr  hdd  bj  the  ChaUeui, 
de«e(adedtoliieBaduoi,wbih«^  n  tbewhera,  menlj  lepealdl  the  leeera 
leernt  from  otiien.  flu  Mfndun  deimbei  the  path  of  eomete  ai  eitraidigft 
tu  iato  the  oppa  eelntiel  ipaeea.  Hence  Seueea  nys,  in  the  Nat.  QmceL 
fU.  t7i  "Cometei  nen  tet  ipede*  Uu,  nd  {Koprinm  mditt  rient  lotii  ri 
InuB  1  iltkm  mundi  m 
veniti  end  (ni  37) : 
(wUn),  etuiBN  brion  illii  aon  hebrat  nmilein."  Plinf  (ii.  35)  lilcwise  ob- 
ikmij  nbn  to  A.jipoOim>ulSjB£iu,wbto  be  mj»:  "Suntqaietlueeaiden 
ferpetua  CMe  ondant  Huqae  amUtn  ire,  led  mm  uin  relicU  a  >ole  cenii." 

t*)  p.  ea.-Olben,  in  the  Aite.  Naehi.  182B,  S.  15?  imd  184.  Aiags 
de  la  ConititntiDn  phynqne  dea  Cometei,  Annnaiie,  ISBZ,  p.  203 — 208. 
The  ineienU  had  been  rtnuli  b;  the  dnnuiutancB  that  it  ia  posubla  to  kb 
thraagh  comeU  ■■  thnntgh  flame.  Tba  oldist  teriimoay  to  alan  havij:^  been 
•WD  thiODi^  Hieia  it  that  of  Semocritoi  {AriUot.  Meteor.  L  6, 11) ;  and  it 
led  Aiiitotle  to  make  the  not  nnimpiHtant  remuk,  that  he  had  hinuelf  obtened 
one  at  the  llan  of  Oemini  oeeulted  by  Japitn.  Seneca  onl;  apeaks  dcciilcdlj 
•■  the  tmuparenoy  of  the  tail.  He  isyg  {Nat  Qtucat.  m.  18)  that  Han  an 
■Miaaiongh  eometa  aa  through  adond;  not  indeed  thnragh  the  body  of  tha 
agmat,  bnt  through  the  rays  of  the  tail :  non  iu  ea  parte  qaa  sidua  ipnnn  ui 
Hfba  at  HUdi  ignia,  aed  qua  larua  aplendn  ocnuiit  et  in  ainei  diapei^taEb 
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Per  intcrralli  i|nii<nn>  non  fer  jpot,  vidn"  (vij.  it).  Tbe  addition  ia  ■» 
perflnoQa,  for  we  cerUinl;  cau  see  througli  flame  if  it  haa  not  t«a  great  a  thi<^ 
BMi ;  u  thewn  b;  Galileo  in  Uib  Saggiaton  (ttitten  *  Hanaignor  Cemin^ 
1610). 

r)  P-  es.— Bend.  Artr.  Kadir.  1S8S.  N.  SOI,  S.  SOI— SOG.  Stmtf^ 
Beeueil  Sa  Mem.  dc  I'Acad.  de  St-Pet«nboQrg,  1836,  p.  140—143;  and 
Adtr.  Ifichr.  1636,  N.  803,  S.  233.  At  Dorpat  tin  rtai  wu  in  eonjanetioii 
onlj  2."3  from  Oie  brightot  point  in  tlie  comet.  The  itar  remaiaed  WDatontiy 
visible,  and  its  light  waa  not  perceptibl;  wcakeoed,  nhereu  Gie  nnclau  of  tin 
comet  seemed  to  hde  e<Bn  to  extioctian  befbn  the  light  of  this  amaH  itar  of 
the  oiuth  or  tenth  magnitode 

(")  ¥■  ^7- — Arago'i  fint  attanpl  to  analju  the  light  of  eometa  hj  polariaa- 
tion  wal  oa  the  8d  of  Jul;,  1819,  on  the  evening  of  the  sudden  Biq>earanCB  of 
the  great  comet.  I  waa  pnamt  at  the  Obtervttoi;,  and  aatisfied  myiel(  aa  did 
Mathien  and  the  anec  deceaaed  aatrooDmei  Bonmd.  ol  the  diaaiaiHarity  is 
br^tneai  of  the  unagea  in  the  pokriacope  when  tiie  imtnunent  neeiTed  ths 
cooMtai;  bgbt.  Whoi  it  receiied  the  light  from  Capella,  nhich  na*  neei 
.  the  oomrt  and  at  the  nme  altitude,  the  imagea  waie  eqnal  in  iotenntj.  When 
Hdlef 'a  eimiet  appeared  in  1835.  the  apparaloa  iraa  altered,  ao  a*  to  give,  lo 
cording  to  Arago'a  "  diromatic  polarisatiun,"  two  inugei  of  complemeolai; 
eotonra  (green  and  red).  AnnafBa  de  Chimin  vd.  liii.  p.  ISS.  An- 
luiaije,  183S,  31S.  "On  doit  condure,"  aaya  Arago,  "de  rensemble  de 
eea  ohtervationa,  qua  la  hmiUta  da  la  ratmete  n'etait  pu  en  totality  efonpoete 
de  njoiu  dou&  de>  prophet^  de  la  Inmi^  dincte,  propre  on  asumiUe :  il 
e*;  trowoit  de  la  honi^  rJAediie  ipJculairemBiit  et  polariBee,  e'eat  i  Aire 
Tenant  du  Soleil.  On  ne  pent  deader  par  cette  methode,  d'une  manilre 
thaolne,  que  lea  comete*  bnJknt  seolemsnt  d'mi  eclat  d'emprunt.  En  eftet  en 
devenant  lumineui  par  eni-n>eme«,  lea  corpa  ne  perdent  paa  pour  cela  la 
beulti  de  rfSeohir  dea  Inmi^res  ^bKigSree." 

C^  p.  98.— Aiaeo,  in  the  Annnaiie  for  1832,  p.  217-220.  Sir  John 
Herai^el'e  Aatronomy,  f  438. 

(")  p.  98.— EndiB,  in  the  AjJ».Nachr.  1843.  N.  489,  S.  180-182. 

^  p.  100.— J4«laoe,  Eip.  dn  Syrt.  do  Monde,  p.  216  and  287. 

n  P-  100.— litbxiv,  Beechreibende  Aatr.  1833,  8.  274.  Reipeding 
the  comet  of  ahort  period  reoend;  diacovered  by  Faye,  of  the  Paria  Ob. 
■erVBtmy,  of  which  the  eceentrici^  is  0*561,  its  Bolar  diatonee  at  its  perihelion 
1-690  and  at  it>  aphdion  B'832,  toe  Schnm.  Aatr.  Naohr.  1844,  N.  495; 
tee  also  N,  289  of  the  Aatr.  Nachr.  1833,  mi  the  ai^poaed  idmti^  of  tM 
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raiutonTeewitlitlHilliiideometDriSig;  uidN.S37orth«Mmewot^ 
on  tha  Uentitj  of  Uie  comet  of  1718  and  tJiB  fourth  comet  of  1819. 

n  P-  1(>3- — I^i^T,  in  the  Comptea-reiuliu  dea  Seaubet  de  I'Acmdeiiiie, 
1S43.  t.  ivi.  p.  lOOe. 

C)  p.  106.— Frie^  VMlesm^tn  fiber  die  Slernkimde,  183S,  S.  282—207. 
A  not  ray  happ;  inatance  of  a  oomet  of  "  good  omen"  is  met  with  in  Senec^ 
Nat.  QmetL  nL  17  wd  21 ;  he  uyn  of  eooeta,  "qoem  nos  Nenmis  omi- 
cdpatu  IiEtiaumo  ridimns  et  qui  cometii  detraiit  infomiain." 

n  P-  107. — A  Mead  of  mine,  acGuatoincd  ts  exact  t^onnnetrical 
ueaanrementi,  in  the  jeai  178S,  at  Papayan,  a  town  ritvated  in  2°  it,  N.  lit. 
•nd  at  an  elsn^on  of  SSSO  feet  <SS80  Englisl^,  ww  at  noon,  with  the 
mat  ihining  bngbtl;  in  a  doudlesg  tkj,  hii  mbtUt  room  iUuminiled  b;  a  ball 
of  On.  He  waa  itanding  with  lai  back  to  the  window,  mi  on  tvming-  round 
great  put  of  the  track  left  by  the  meteor  wai  atill  briUiantl;  marked.  Tbeae 
phienomena  among  different  aaticnu  and  triba  bar*  been  connected  witi)  very 
different  names  and  aawdationa.  In  the  Lithuanian  Mytholog;  a  hndlol 
but  gTHCcfal  and  noble  aymboUcal  meaning  haa  been  attMJted  to  them.  It  waa 
aaid  that  wboi a ddld wia  beau,  the" Vopqa"  began  to i^  the  thnod  of 
Qui  in&nt'a  dea^ny ,  that  eadi  of  ihete  threads  ma  attached  to  a  star,  and  thai 
when  death  approached  the  pcnon,  the  thread  bn^  and  tbe  atac  (bll  glinuncF- 
!i%  to  the  earth  and  waa  eitingaiihed.  (Jpcob  Orimn,  Dentacbe  Mythologi^ 
iei3,  8.  685.) 

O  P-  107.— Phim  the  account  of  Dtniaan  Otoated,  Profeasor  at  TaJo 
College,  Newhwen,  Coonecticnt  Vide  "P(^gend.  Annalen  dtt  Pl^mk,"" 
Bd.  ax.  8.  194.  Kepler,  who  eiclnded  balla  of  fire  and  ahooting  ataa  from 
the  dominion  of  aatronomy,  eooaidering  them  aa  "  meteora  produced  by  tenestiial 
dhalatLona  nn'Ting  with  the  higher  ethcTi*'  eipreaaes  himself  on  the  whole  witli 
peat  care  reapectji^  than.  He  taya,  "  St^la  eadeatea  annt  mataia  Tiscida 
iirflpTHmflt*  Eamm  aliqii£e  inter  cadendmnabeamimtor,al]qutBTer&  in  taraia 
cadmit,  poudeie  >ao  tiactn.  IShc  eat  diiaimile  vero,  qnaadam  coaglobataa  ease 
CI  materit  Beenleuti,  in  ipaam  anism  «»liaream  iomixta;  eique  nlheria 
i^lione,  tractn  reetilineo,  per  aerem  tr^icere,  een  minotoa  eometas,  oceolti 
eansa  motoe  otionunqne.     (K^er,  Epit  Aatron,  Copsnieame,  t.  i.  p.  80.) 

^  p.  107.— Belation  Hiatoritpe,  t.  f.  p.  80,  213,  and  627-  If  in  ahoot. 
ing  atara,  aa  in  ecaneta,  we  diitinguidi  between  lite  head  or  nactena,  and  the 
tall  or  train,  we  ahiU  neogniae  that  Um  gicater  kngtii  and  brilliBncy  obaerred 
in  the  tnin  in  triqiical  conntariea,  ia  to  ba  attributed  to  tbe  greater  truupaiency 
•f  the  atmoaphere ;  the  pbaoommum  itaelf  ia  the  aame,  but  ii  more  easily  and 


V»ageT  visibla.  Tha  inflaMM  of  tba  cowCitioD  at  the  >fanMflH«  wnriinM 
mtuBwt  itaelf  ercn  in  the  teaiftntt  nme,  &ad  in  i  difikrenoa  MtmM  |1mm  d 
very  mull  diitinee*  apart;  WMtauut  mmtiMu  that  on  ana  (juuiuiB  tl  the 
periodical  Narembcr  phrnionwif,  tka  number  of  dioating  itan  obterrcd  at 
Oencn  and  an  Hancbetka  (plaeta  verj  near  to  tach  otlier),  ware  as  1  :  7. 
(Wartnuum,  Hun.  ma  ka  Adka  filanUa^  p.  17)-  The  tail  ta-  train  of  a 
■hooting  rtar,  which  Bmide*  hi*  made  tha  Ndvect  of  n  manf  entet  and  deli- 
oate  obaa-vBtJoni,  ia  b;  no  mtaiu  to  ba  asmbed  to  the  piolongatioD  of  ini> 
preasioai  aa  thb  retina.  Ita  vinbililf  aometinKa  lut*  an  eatite  minnte,  in 
zsre  caaea  aren  longai  than  the  light  of  Uie  head  or  nnalen*  of  the  ihooting 
bUt.  The  huninona  path  in  laeh  earn  lemaina  motianlen  (Gilb.  Amu 
Bd.  xii.  S.  2S1).  TU*  eircnmitanee,  too.  ibem  the  analogj  between  laigs 
■hooting  ttara  and  tie  belli.  Admiral  Kniaenil«ni,  in  a  voyage  mmd  tbe 
WQild,  am  the  train  of  ■  flre-bill  iriiiiJi  had  Img  disai^ieared  eootinia  to  thine 
fbr  the  ipaea  of  an  hoar,  duii^  iriiidi  time  it  ehanged  ita  place  exceedingly 
little.  (Snac^  Th.  L  S.  S8.)  fiii  Alenndir  Bnmea  jprei  a  charming  deacrip- 
tioD  ol  the  trtaapuaa^  <^  the  atDunphere  in  Bokhat*  a>  Moonble  to  a  love 
Sot  aafionomy ;  the  lutitadB  is  SB°43'  and  the  elcfatioa  aborc  the  lerel  of  the 
Bes  abont  ISOO  (1280  Bngliab)  feet  "  Tlioe  ia  a  constant  lerenity  in  the 
atmoophoT,  and  an  adminbla  eleamesB  in  the  al^.  At  night  the  atais  have 
■n  nncommon  Imtra,  and  the  milky  wi^  ghinea  gloriomly  in  the  firmament. 
"Bttre  ia  alao  a  nerer-oeatiag  diqlay  of  the  moat  bciDiant  meteon,  which  dart 
Hke  rooketa  in  the  ilcy :  ten  at  titelie  of  them  are  aometimei  leeo  in  an  boor, 
aaanming  ereiy  colooi,  Geiy,  red,  bloe,  pale  and  fkint  It  i*  a  noble  coontiy 
tea  aitronomical  araence,  and  great  mnit  have  been  the  B^Tautege  eiyoyed  by 
the  famed  obserraloiy  of  Sanurkaad."  (Bnmea,  TiaTeli  in  Bokhara,  vol.  ii. 
1834,  p.  ISS).  A  icditaty  traveller  mnst  not  be  reproached  for  calling  ten  or 
twelve  ihooting  ttan  in  an  hour  many  {  it  baa  only  been  by  very  oarefiil  ob- 
aervatioQB  in  Enrope  directed  to  tbii  particiilar  tnbject,  that  it  baa  been  found 
that,  for  tbe  range  of  liaion  of  a  aingle  indifidnal,  eight  ii  the  nam  number  of 
metaan  that  may  be  aeen  per  hour  (Qnetelet,  Corresp.  Math&n.  Nor.  1837, 
f.  417),  while  BO  diligent  an  obaerver  aa  Olben  limited  the  nombec  to  Are 
w  aix.     (Sthnm.  Jabrb.  1833,  S.  Si5.) 

P)  p.  109.— On  meteoric  dntt,  lee  Arago,  Annnaire,  1833,  p.  254.  I 
bare  very  recently  endesronied  to  ihow  in  another  work,  (Aeie  Centraie,  t.  i. 
p.  40S),  the  probability  that  the  Scythian  tradition  of  the  aaci-ed  gold  wlucb 
^  glowing  from  Hcaren,  end  remaiOEd  in  the  pouesaion  of  the  Para- 
lat^  (Uerodot.  iv.  S — 7),  artwa  from  the  obacnra  reooUcction  of  a  M  of 
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kerolitei.  The  uicienti  had  also  a  struige  fable  (I^a  Casnna,  Inr.  13S9)  <f 
(ilTfir  which  fell  from  heareo,  and  with  which  it  waa  atlanp(«d,  aoder  thg 
Emperor  Sereroi,  to  nlvei  oyer  bronie  coini :  the  presence  of  metallic  iran  in 
meteoric  itona  wu,  howeiv,  known  (Din.  U.  Sfl).  The  freqnent  eipteasMl^ 
"Upidihns  pMt,"  miut  not,  hoverer,  be  aJways  interpreted  to  tneaii  hUs  of 
•eroUtea.  In  lii.  nr.  T,  it  proljably  nfera  to  enqited  pumice  (rapilli),  frrmi 
the  then  iiot  quite  eitiiict  Tolcaoo  Mona  Alhaniu  (Monte  Caio) ;  aee  'Hejim, 
Oposcnla  Acad.  T.  lii.  p.  2B1 ;  and  my  Relat.  HisL  T.  i.  p.  S94.  The  tm^ 
8ict  of  Herralea  with  the  Lj^aos,  on  the  waj  from  the  Ctucams  to  Um 
Besperidea,  belong!  to  ■  different  Mt  of  ideal :  it  ia  an  attempt  to  taplaia 
i^tbiaall;  the  orifpn  of  Uve  n»nd  qnaiti  blocki  in  the  Ijj^a  field  of  stones 
■t  the  month  of  tbo  Khonc^  whidt  Aristotle  mppoied  to  have  been  ejected  &om 
•  Sieim  daring  to  nrtiiqnake,  and  PotidonioB  iBciibea  to  the  action  of 
the  wave*  of  an  inland  les.  In  the  fragment  of  the  Fl'ametheaa  Freed  of 
^Xanhjlua,  then  ia  ■  pioceeding  which  closely  lewmbles  a  fall  of  aendites. 
Jnpiter  dnwg  blether  a  dond,  and  "eorera  the  grtfimd  with  coimded  atonea 
tot  rain."  Poeidonina  allowed  himself  to  laugh  at  the  geological  mythna  of 
■tonea  and  blocks.  The  Lygian  field  of  itonea  is,  however,  very  naturally  «ol 
ftithfnlly  described.  The  district  ia  now  called  La  Cian,  (Vide  Goeiii^ 
Merarea  baromkriquea  dana  lesAlpes  et  MeteoroIagied'ATignDn,  1839,  Ch.  lii. 
P.11S). 

n  P- 109' — '^^  epecifie  gravity  of  aerolite*  variea  from  I'B  (Alma)  to  4'3 
(Tabor).  The  nuat  neosl  density  is  3,  waterbeiag  1.  In  regard  to  the  actoal 
diuneten  of  fiic-balls,  the  numbers  in  the  teit  refer  to  tba  ftw  tolan^i^ 
certain  measnrementa  wMch  can  be  collected.  These  give  Rlr  the  Gie-baH  <f 
Weston,  in  Coimecticnt,  Uth  of  December,  1807,  only  GOO  feet-,  fortbeons 
obaerred  by  Le  Roi,  10th  of  Joly,  1771,  about  1000  feet;  and  for  the  one  «( 
Hie  IStb  of  January,  1713,  (estimated  by  Sir  Charles  Blagdeu),  3600  feet 
diameter.  Brandes  gives  to  shooting  stori  a  diameter  of  SO*— 120  ftet,  with 
laninoos  truna  of  S  or  1  (13  or  16  Engl.)  miles  in  lengdi,  (Vnleriult.  Bd.  i, 
8. 42).  There  arc  not,  however,  wanting  optica]  reasons  whioh  rendn  4 
probalile  that  the  apparent  diunetera  of  flre-bUla  and  shootiDg  slMi  bale  been 
greatly  over-eatimatetL  The  ndnme  of  the  largeit  which  haa  been  seta 
cannot  properly  be  compared  to  the  Volume  of  Ceres,  (ahould  we  even  angn 
to  that  planet  a  diameter  of  only  70  English  miles).  Vide  tbe  generally 
•o  exact  and  eicellent  treatise  on  the  Connexion  of  the  Fbjsical  Sdenees, 
1S3S,  p.  411.  To  elnddate  what  I  have  aud,  in  page  110,  of  the  la^ 
■solita  wMdi  fdl  in  tb*  bed  of  the  river  near  Nami,  hat  whidi  haa  not  ben 
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•g^n  found  &en,  I  Mlijoia  the  pausge  whidi  Pati  hat  m»di  kngmi  frmn 
Ui«  "  Omnuoan  Boicdieti  mimidu  Smcti  Andicn  in  HobU  Sonctc,"  i  doco-  , 
nuDt  belonging  to  the  imtb  reolBij,  Mid  which  ia  pnaemd  in  th«  Chigi 
Ijibnif  >t  Rome.  The  birbsrona  Litin  of  the  period  hu  been  left  nnallcred  ■ 
"  Aduo — BSl — temporibna  domini  Johmnis  Deomi  fft,  in  anna  pontic 
(wtnj,  illioi  7  Tin  nuit  al^na.  Nam  iuita  nibem  Bomim  lopidei  plnrimi  d* 
coelo  cadere  vis  mnt.  In  mvitjte  qun  iDCatoT  Namii,  tain  diri  u  tetri,  nt 
nihQ  ilind  eredatui,  qnun  de  inftnuliboa  loeii  dedncti  cuent.  Nun  iU  ex 
illis  l^idibn*  nnn*  omninni  muinint  eat,  nt  deddena  in  flnmen  Nanui*,  ad 
menaaTsiD  imiaa  enbiti  aaper  aqoM  flominii  oaqne  hodie  videitiar.  Nun  et 
ignila  bcnloi  de  etclo  plurinue  onuiibiu  in  hoc  cbilata  Bonuai  popoli  liav 
mnt,  ila  at  pene  tern  eontii^eiet.  AliB  cadentea,"  he.  (Feiti,  Honnm. 
G^rm.  Hist.  Scriptorei,  T.  iii.  p,  71E).  Beapecting  the  aecoUla  at  X^at 
PotunoB,  the  M  of  which  ii  placed  by  the  Pariin  Ghnntele  in  the  78'1  Oljm. 
(Boclib,  Coip.  InKT.  Gnec  T.  ii.  pp.  303,  820,  end  S40),  oompan  Aristot. 
Meteor,  i.  T  (Ideler,  Conun.  T.  i.  pp.  404—407) ;  Stab.  Eel.  Ph;a.  i..  25, 
p.508,Heenni  l^ut.  Lja.  e.  1 2  j  Dii«.  Itect  iL  10.  (See  tlao  in  th« 
■equel  Notea  6S,  87,  SB,  and  89.)  According  to  a  Mongolian  pqmlar  tradi- 
tion, there  is  in  a  plain  ncai  the  lounei  of  the  Ydlow  BiTa  in  Western 
China,  a  fragmrait  of  black  rock  40  Jlcnch  text  high  which  fell  from  hearen. 
(Abel-Bemnaat,  in  Lometherie'a  Jomu  de  Fhp.  1B19,  Hu,  p.  2H). 

(*)  p.llO.— Biot.TnitJd'AatTanomieFhjaiqDeO-'^tion),  1841,  T.L 
pp.  I4a,  177,  £38,  and  S12.  My  illnatrioas  Mend,  Foiaaon,  atteiqited  t» 
■oItb  the  difficulty,  attendant  on  the  aaaomptian  of  the  apontaneona  ignition  of 
'metoorie  atones  at  a  height  where  the  denaity  of  the  atmoaphEie  is  almost  in. 
•enable,  in  a  leiy  pecnliai  maunn:  "  A  one  diitance  de  la  tern  oil  ladenaitf 
de  rabnospbere  ttS,  loot-i-bit  inMonble,  il  aeioit  difficile  d'attribner,  oomme 
on  te  &it,  rincandeaeeuce  dea  serohtei  i  nn  frottcanent  contre  iea  molecules  de 
I'air.  Ne  poorrait-on  paa  aupposar  que  le  fluide  flectnqne,  k  Tetat  nentre,  fonne 
tme.  aorte  d'atmosph^  qni  a*^tend  beaneonp  au-deU  de  U  maaae  d'air ;  qni 
est  BoiuniBe  k  I'attnction  de  la  terra,  qiuiqne  physiqiiement  imponderable ;  et 
qni '  amt,  en  oona^qnenct^  noire  ^be  dans  aea  monTements  !  Dana  cette 
hypotii^  lea  coipe  dont  il  a'agit,  en  entrant  dana  cette  atmospli^  impoD- 
derable,  decomposeraieat  le  fioide  neutre,  par  leur  action  inhale  anr  lea 
deiu  Sectricitea,  et  ee  serait  en  a'flectriaant  qn'ils  a'^efa&iiffeiBJHit  et  devien- 
draient  incandeacenti."  (Poiuon,  lUch.  ant  Is  ftobabilite  des  Jugemrat^ 
1687,  p.  6), 

P)  f .  111.— Phfl.  Trana.  Vol  nil.  pp.  161—168. 


ogle 


<*j  i^  lU-o^W  Int  edition  o(  ChltdniU  impoMMt  mmoSi  "Oa  tim 
ti^lgm  it  tka  Ibm  of  Iron  found  b;  Fallu,  anJ  of  otto  jinulsr  Uasse^" 
IfpiMtltMi  Bootb  iKfore  the  fall  of  atono  at  SieiuiK,  and  two  jean  befom 
U(U«h«}t  Med  in  the  Gattingta  Tuchenboeh  "that  aloDei  UTiTe  Id 
OIK  idMwphere  from  the  rq^mu  o(  nniveml  ipace."  Compare  alio  Olben^ 
leKtr  to  t^oHoberg,  IBOi  of  Horanbei,  1S37,  in  BaiiieiilKig'i  Uemoir  imi 
Shoodog  Stan,  p.  IBS. 

n  P-  111.— £ndu,  in  Poggead.  Aimalsn,  Bd.  xniii.  (ISM),  S.  21S. 
Aisgo,  Anniuin,  183S,  p.  2B1.  Tno  letten  frammyulfto  Bentenbttf;, 
ISth  of  Majr  and  S2d  of  October,  1837,  on  a  conjectured  ratragreiaion  of 
tbs  nodea  in  the  orbit  of  periodiosl  atreami  of  ihooting  itan,  (Bcnienlieift 
Steraschnnppeo,  9.  207  and  £09).  OU>era  Bubseqaentlr  adapted  thii  <^iiiuott 
of  the  gradual  mtardation  of  the  Noremberpheaomeaon.  (Alt.  Nach.  1S8S, 
N.  372,  S.  180).  If  1  may  combine  two  of  the  ihowan  of  falling  dan 
mentioDed  bf  Anbian  wiiten,  with  the  epodu  wbii^  Bt^nslawild  has  fbond 
for  the  fbniteenth  eentni;,  ]  obtain  the  folloirinB  more  (s  leaa  aocordsnt  ele- 
mcuta  of  the  movement  of  the  nodea:— 

In  Oetoba  902,  on  the  night  whm  King  IhiaUm-hen-Ahmed  died,  theic  wm 
a  great  M  of  aliooting-aleii,  "like  a  finy  rain."  The  fear  wu  called,  on  Uii* 
■eeouni,  the  year  lA  itara,  (Cond^  Hist,  de  la  domm.  da  loa  Arabea,  p.  MS). 

On  the  19th  of  October,  1202,  the  etan  were  Ming  the  whole  nig^ 
fluongh.  " They  f^ like  loomt*."  (Comptea-rendns,  1837,  T.  L  p.  SOii 
and  FraEhn,  in  the  Bolletin  de  I'Aead^mie  de  St.-P^tmbonig,  T.  iii  p.  SOS). 
-  On  the  Slat  of  October  (old  ityle),  1300.  "  die  BBqaentfl  post  fcitnm  xL 
nulha  Virgmum,  ab  bora  matntina  uaqoe  ad  hoiam  primam,  riao  sunt  qnaai 
atellffi  de  cido  cadere  continuo,  A  in  tantA  multitndine  quad  nemo  nanate 
•nScit."  Thi>  remarkable  notice.  wMch  will  be  again  alloded  to  in  the  tei^ 
was  found,  by  the  younger  Ton  Bognalawiki,  in  Boieiae  (de  HoTOwio) .  da 
'Weitmil  it  Weitlunul,  Chronieon  EccletiiB  Fngenlil,  p.  869.  Tbo  dnnude 
la  alio  found  in  the  aeeond  part  of  the  Scriptorea  rcram  Bdiemicamm,  bf 
Pelzel  and  Dobrowaky,  1TS4  (Sohmo.  Aatr.  Naiiii.  Dee.  18SB). 

On  the  night  S — 10  Nor.  17S7,  many  ahooting  ilan  woe  obaoted  i> 
Sonthem  Germany,  and  eqiecially  at  Manheim,  by  Hemmer  (Kamta,  Heteor. 
Th.  iii.  a.  237.) 

After  midnight,  A  the  12th  of  November,  1799,  the  prodigioua  Gall  of 
■booting  atara  at  Comana,  which  haa  been  deaoribed  by  Bonpiand  and  myself; 
and  vhich  was  obaerred  over  a  great  part  of  the  earth  (Bdat.  Hist.  t.  i.  jf. 
519— B27). 
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In  the  nigbt  13— IS  Nor.  1B!3,  ihootins  lUn,  mmgUd  «ith  bdb  of  fin, 
irere  seen  in  great  nniaben  bf  Uaden.  it  FottdMD  (Oilbat'*  Ann.  Bd.  bnL 
8.  219). 

18  Nov.  1831,  *t  4  i.v.  K  gnat  Ml  of  iboatiag  iton  nu  uen  bf  C&pt. 
B&ard,  m  the  ^aniih  Ckiaat  new  Cutigenft  M  Levantc  (Annnaii^  1S36, 
p.  397). 

On  tbe  nigU  of  the  12 — IS  Not.  1B83,  in  Noitli  Ameriia,  the  memorabla 
phenomenoD  of  which  Deniaon  OlnuleBd  hu  giTen  to  eicellent  a  deecriptioa. 
On  the  night  13—14  Not.  1834,  in  Norfli  Ajnerira,  the  «ame  straan,  bn' 
less  c<HisiderBbIe  in  nnmben  (Foggend.  Ann,  Bd.  miv.  S.  13(1). 

On  the  13th  Nov.  1S35,  neu  BeOe;  in  tlie  Departeuumt  de  I'Ain,  a  bus 
was  set  on  fire  b;  the  bll  of  ■  sporadic  fire-ball  (AooiuiTe,  183S,  p.  296). 

In  1333  the  stream  ikrwed  itael/moat  decidedlr  on  tb«  eight  13 — 14 
Hot.  (Astr.  Naehr.  1838,  N.  872). 

^  p.  113. — I  sm  aware  that  smong  Uie  62  ihootiag  itais  ainraltaneonsly 
ohseiTed  at  the  [Cqueat  at  Fiolessor  Brandea,  in  Silesia,  in  1S23,  there  were 
a  few  which  appeared  t«  hare  an  eWation  of  46'T  to  fiO,  and  oieu  lUO 
Germsn  milea  (or  182'8  to  340,  snd  erco  400  Enf^  miles)  (Brandes, 
UnteriisltaDgen  fiir  I^nde  der  Astnuonue  nnd  Fhjeik,  Heft  L  8. 48) ;  but 
all  determinstions  above  30  German,  or  120  En^iih  miles,  are  r^;arded  hf 
Olbeis  sa  doubtful,  on  scetnmt  of  the  smalhiesa  of  the  psrallai. 

^  p,  113. — The  planelsr;  Teloeit;  of  trsiuilation  in  the  oAit  is.  In 
bfercuiy,  36'4  ;  in  Veuua,  19'2i  and  in  the  Esrth,  16'4  miles  in  a  aacmid. 

^  p.  113. — CMsdni  infonns  us  that  sn  ItsUan  phyracigt,  Psolo  Maiia 
Teriago,  in  1660,  was  the  first  who  noticed  the  possibility  of  aeroUtea  bebg 
atones  from  (he  moon.  This  was  on  the  occasion  of  a  fall  of  aoiilites  in 
Milan,  by  which  s  Francisciii  monk  was  titled.  He  aaya,  in  a  wri&ig 
.entitled  "  Mnslenm  Seplalianum  Manfredi  Sqitslfe,  Pstricii  HedicOsnenais 
induBtrioBo  laboce  coDstruGtum,"  Tortona,  16S4,  p.  44,  "labant  philoa»i 
phomm  mentes,  anh  honun  Upidnm  ponderibns ;  ni  dicere  velimns,  Innam 
terram  alteram,  sive  munduin  esse,  ei  ciqn*  moaUbaa  divisa  frusta  in  infe- 
rioian  noatnun  hunc  orbem  delsbantnr."  Without  knowing  any  thing  cf 
this  CDDJectule,  Olbers  was  led,  on  the  occasion  of  the  celebrated  bH  of 
meteoric  atones  at  Sienna  (16  Jnue,  1794)i  to  -  undertake,  in  the  Mo«- 
ing  year,  an  inveaflgation  of  the  initial  projectile  force  nhich  would  be 
nqnisite  to  bring  to  the  earth  maases  erupted  at  the  sur&ce  of  the  moou. 
This  baliatic  problem  occupied  for  ten  or  twelve  years  the  aUeution  of  th« 
geonutwi — I«pUee,  Biot^  Brandes,  and  Poiaaon.     The  then  prevaili^t,  bri 


xxn  nam, 

nnce  abaiidoned,*opuiian  of  tba  aiitenee  of  actii-B  volcuioet  In  tki  Ttarn, 
•here  sir  and  water  ne  sbKut,  euued  the  public  to  coafonad  tiro  ttnn^ 
eitremel;  diflbrent.  vii.  i  outhemsticRl  posnbilit;  and  a  ph^cal  pmbalntitf. 
Otben,  BiBDdea,  and  Chladm,  considend  that,  in  the  relative  felodlj  rf 
4  to  8>  fienniu,  or  Ifl  (o  3S  Eogliah  milea,  wiUi  wMch  balls  ot  fire  . 
ahooting  itan  enter  our  atmosphere,  the;  found  a  refulatJOD  of  luiur  orii 
JLecording  to  Olberi,  the  initial  vdodty  required  to  reach  the  earth,  irith- 
Dut  taking  into  aceoont  the  rc«aCanca  oS  the  atmosphere,  wonld  he  7780 
Reach  fe«t  in  a  second;  according  to  Itqilaee,  7377;  according  to  Ko^ 
7771 ;  and  according  (o  Poisson,  7123,  Laplace  calls  this  an  initial  T^cta 
atj  onlf  five  or  six  times  greater  than  that  of  a  cannoa-hall ;  hut  Olbers  has 
ehewn,  "  that  with  an  initial  celocitj  of  7  BOO  to  8000  French  (tet  in  a  second, 
meteoric  stones  would  arrive  at  the  surface  of  the  earth  with  a  velocity  only 
of  SBOOO  feet  (1'53  German  gef^raphical  miles) :  now  as  the  meau  mea- 
sured Telocity  per  second  of  meteoric  stones  is  B  German  geographical  miles, 
or  alwra  111000  te^  per  second,  it  foUows  that  the  initial  velocit;  at  the 
anrRice  of  the  moon  ■honld  be  ahnost  110000  feet,  or  14  times  greaterthm 
that  assumed  b;  Laplace."  (Olhen,  in  Sehum.  Jahrb.  1S37,  8.  SS— tSi 
•nd  in  Gehler's  neoem  Fhjnrik.  Warte.-bnche,  Bd  vi.  &bth.  3,  S.  2189—8139}. 
It  is  true,  that  if  we  could  asanme  volcanic  forces  to  be  active  at  the  snr&ce 
of  the  mooD  at  the  present  time,  the  absence  of  atmospheric  resistance  would 
give  to  the  projectiie  force  ot  lunnr  volcanoea  an  advent^  over  that  of  our 
terrestrial  volcanoes ;  but  even  iu  respect  to  a  measure  of  the  latter  forces  data 
on  which  we  can  depend  are  eitremelj  deficient,  and  it  is  probable  Chat  it  has 
been  greatlf  over-estimsted.  A.  very  accurate  observer  of  the  phamomena  of 
Etna,  Dr.  Peters,  ronnd  the  greatest  velocity  of  ajiy  of  the  stones  which  ha 
taw  ejected  from  the  crater  only  1350  feet  in  a  second;  observations  on  the 
Peak  of  Teneriffe,  in  1708,  gave  3000  &et.  AHhongh  La|>l:ice,  at  the  end  i^ 
lus  work  (Eipos.  du  Syet.  dn  Monde,  HL  de  1824,  p.  S3U),  says  respecting 
aerolites,  "que  selon  tontes  les  vraisemblances,  elles  viennent  des  profondrairs 
de  I'etpace  celeste  f'  yet  we  see  from  another  passage  (Chap.  vi.  p.  S33),  that, 
heing  probably  nnacquainted  with  the  enormous  planetary  velocity  of  meteoric 
Itoues,  he  turned  with  a  dejpro  of  preference  to  the  hypothesis  of  a  looar 
origin,  always,  however,  premising  Uie  assumption  that  the  stones  prqjectej 
bom  the  moon  "  deviennent  des  aatelliles  de  la  t«n«,  decrivant  autonr  d'elle 
■ne  orbitc,  pins  ou  moins  allonges,  de  sorte  qij'ils  n'atteignent  I'atraosph^  da 
Itterre  qn'apr^  plnsienrs  et  mSme  un  tres  grand  uombre  de  revolutions."  Ai 
V  Italian  at  Tortona  conceived  that  terolit«>  ctme  &om  the  moon,  ao  lome 
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«f  Qie  QreeV  pbTovtplicrg  Imagined  thnt  tliej  rame  From  the  nm.  IKogcnei 
liOerUua  (ii.  8)  nyiords  lucli  hq  opinion  re^peding  the  origin  ot  the  mmt 
which  Eell  near  ^Ejjos  rotamoa  (Note  62),  Pliny,  who  regiitered  every  thing,, 
repeats  t!ic  oj>iniou,  anil  detiJel  it  tlie  mere,  beomse  he,  with  eudier  writen, 
(Diog.  Lnort.  ii.  3  and  B,  p.  99,  Hiihner)  acinus  dniiagoras  of  hating  pre- 
dideil  tho  Ci]l  of  aerohtea  (runt  the  son :—"  Celebrant  Gtma  Anaiagoram 
CUzomeuiiiin  OI,vmpiailis  aeptuagesime  octave  aecmido  anno  preedixiise 
'  uelc^diim  litjerariim  scicntia.  quibua  dieboi  ealnm  caeunni  eB$«  o  itie,  idqiw 
GuJliDl  inferdiu  in  Tliracie  parte  ad  £goa  Bumca, — Quod  ai  quia  pncJirtiini 
nedat,  aimnl  filcalur  aeceue  eat  majoria  mireculi  divinliatem  Anaugorte 
faiear,  soIvKjuorerum  nalurse  inleHeclum,  et  coufandi  omnia,  ai  aut  ipae  sal 
lapis  esie  ont  unijaam  lapidem  in  eo  faiase  eredatnr;  decidere  tamen  orebro 
HDD  erit  dutiiuin."  The  fall  of  a  aione  of  moderate  size  preserred  in  the 
Gyiunaiuiim  of  Abyiloa  ia  at^  said  (o  have  been  foretold  b;  Anaiagaras. 
Probably  the  l.ill  uf  aerolite)  diinn^  bright  aanshiue,  ind  when  the  moon'a 
dialc  nas  not  visible,  led  tu  (he  idea  uf  "  ann  atones."  According  to  one  of 
the  physical  dogmas  of  Aaaia;;ora3,  theaunnaa  regarded  aa  "a  molten  incan- 
descent mass  (liiitpos  Imiufioi)."  FuUowing  tiicae  viewa,  the  gaa  is  called,  in 
the  PhaiSton  of  Euripides,  a  "golden  muss;"  meaning  a  hrighllf  shining  maaa, 
Dbt  thereliy  tcndiii;^  to  any  inference  of  aerolilea  being  "  golden  sun  gtonea" 
(see  Note  61).  Comjiare  V.'ilckeiiacr,  Diatribe  in  Eurip.  perd.  drain.  Reli. 
qnias,  1TG7,  p.  SO;  Diog.  Laert.  ii.  10.  We  find,  therefore,  among  the 
((leek  naturalists,  fnur  livpotheees  resiiecting  the  origin  of  ebootiog  atais,  two 
of  whicb  may  be  termed  lellnric,  sud  two  cosmica] :  1.  team  terrestrial  exha- 
lations ]  2.  from  masses  of  stone  carried  np  by  ifiolent  («mpeatB  (Ariatotelea 
Meteor.  Lib.  i.  C^.  if.  2—13,  and  Cup.  viii.  9) ;  8.  trOm  tie  san ;  4.  from 
tlie  legioua  of  apace,  aa  heavenly  bodiea  which  had  long  been  invisible  on 
acconnt  of  their  distance.  Be3]>ecting  this  latter  opinion  of  Ciogenea  of 
Apollonia,  nbicli  is  in  entire  accordance  with  our  own  in  the  pieaent  day, 
■ee  page  1 24  in  the  text,  and  Note  88.  It  ie  a  cnrioua  ciiciunstance,  of 
which  I  have  been  ssaored  by  t  learned  orientalist  who  instructed  me  in 
Peraiaii,  M.  Andrea  de  Nerciat,  now  rewdent  in  Smyrna,  that  in  Syria, 
iceoi^ng  to  an  old  popular  belief,  falls  of  aeiiilites  ore  looked  for  on  rery 
clear  moonlight  nigbta.  The  ancients,  on  the  contrary,  were  particularly  on 
the  watch  for  snch  falla  during  lunar  eclipses :  Tide  Ptin.  ixivii.  10,  p.  IM ; 
Solinns,  c.  37 ;  Salm.  Eierc.  p.  531 ;  and  tho  passages  eollected  by  Ukert, 
m  his  Geogr.  der  Griechen  und  Edmer,  Th.  ii.  1,  S.  131,  Note  11.  On  tha 
in^nibabilily  that  aarolitea  are  formed  ii-oia  giMs  Ikolding  in  aolulioa 
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nutallia  Bub^Unco,  whkli,  BMarding  to  FnnDicri,  edit  id  the  npper  strst*  of 
the  atmosphere,  and  which  luddsiilj  asjrcsotB  from  a  state  of  eitreme  disper- 
^D, — and  on  the  matoaL  petieU^^tioa  «nd  miituie  of  ga9«*,  see  mj  Rel^ 
Eiat.  T.  i.  p.  ESS. 

C°)  p.  114.— Bate),  in  Scbom.  Aatr.  Nachr.  1839,  Nr.  S80  and  S81, 
S.  222  and  31B.  At  the  coaeluaiaa  uf  (he  memcnr,  there  is  n  comparison  of 
tiie  longitnJca  of  tlie  aim  with  (he  epodu  of  the  Novemher  phmtommoj^ 
■ince  the  dale  of  the  flrtt  obicrradon  at  Cnmana  iu  17fl9. 

IP)  p.  114. — Dr.  Thomu  Foratcr  meElioni,  in  hii  Pocltrt  Encyclopiedia 
of  Natural  Ph??nomcDii,  1827,  p.  1 7.  Ihat  there  a  prewired  at  Christ'i 
Coll^f,  (VrahriJ^B,  B  BMuOiCript  »nppcped  to  hava  been  wri(ten  hy  a  moot 
and  entitkd,  "  £|:Lemeiides  Renim  Nuturallmn,"  in  vhich  the  iistnral  phie- 
nomtjui  ptDpiT  lo  each  dsj  of  the  year  sre  iudicnted;  Buch  aa  the  first  hlos- 
loniini:  t,r  plafit!,  unval  of  itlrJj,  &o.  The  1 0th  of  Ao^iist  ia  marked  b;  the 
iroid  meleurodrs.  It  waa  this  mdieatioii,  combined  nilli  the  tradition  of  Ibe 
fiery  tfliisof  bt  Lmrenee,  ithich  were  the  immedicte  occasion  of  Dr.  Forster'a 
(ealoitt  iD^ujty  mto  (he  August  phvaomeooo.  (^etelct,  Coircsp.  ]la(hc- 
nii.ii4«c,  Stiie  uj.  T.  i.  1837,  p.  438). 

p)  p.  115.— HunilKJJf,  Rel  Hist.  T.  i.  pp.  519-627.  Ellicot.  in  (he 
Ti»cssclioiia  ol  ibe  Amenean  Sue.  1S04,  Vol.  vi.  p.  !0.  Arago  sayg  of  the 
Novrntbcr  phmomcnon,  "Ainsi  so  cusfinne  de  plus  en  plna  I'eiisteoce 
d'une  zone  eom^ioB^  de  millions  de  pdits  coTpa  dont  lo  obitea  rencontrenl 
Is  plBndere'rllpliqDe.vmlepoint  qnelateireTaoccnpei  touleganB.di^l 
an  13  Nurnnhre.  G'tat  nn  noiiTcaa  monde  pIon^taiK,  qd  commence  i  m 
tiveler  iL  nous."     (Aumitiire,  1836,  p.  236.) 

(")  p.  116,— CoiDpure  Mnrehciibrocli,  Introd.  »d  PhiL  Nat,  1762,  T.  iL 
p.  1061. '  Howard,  Climate  of  Lou^n,  Vol.  ii.  p.  23;  obaenations  of  ISOfi; 
seven  years,  (herefbre,  alter  the  earliest  obacnstions  of  Biandes,  in  Beozen- 
berg  liber  StanMbanppca,  S.  210 — m.  August  ObienatioDs  of  Thamai 
Fontec,  in  Outlet's  Our.  Madi.  pp.  433 — 453.  Observations  by  Adoti^ 
.  Erman,  Bogudawabi  and  Ktnl,  in  Sehmnacber's  Jalirbnch,  1838,  pp. 
817—330.  Seapeeling  the  pmnt  of  origin  in  Perseus  on  the  10th  of  Aogusl, 
1839,  see  the  exact  mcuniements  of  Beasel  and  Ennan  (Schum.  Aslr.  Nachr. 
Nr,  386  nud  428} ;  bnt  on  (he  10th  of  Angust,  1837,  the  path  does  not 
•ppev  to  have  been  ntrt^^e.  See  Arago,  in  the  Comptea-iendus,  1837, 
T.  ii.  p.  183. 

(?')  p.  113.— On  the  25th  of  April,  10B5,  "  innamerahle  ejet  taw  il 
Tconoe  the  ilan  M  from  heaven  ag  tMch  ai  hail"  (ut  grando,  nisi  kcerei^     i 
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jiTD  denaittiM  pourauT,  B«Ur.  p.  8S);  and  tU*  nent  vh  ^olnai  of  it  tbe 
Coundl  of  ClermoDt  s»  prognoatitaling  Uw  gmt  morcmeat  in  Chnitcadam 
(WUkeo,  Gesch.  der  Knaiziiige,  BiL  i.  S.  ^5).  Oa  tie  B^  of  A^n],  1800,  ■ 
gnat  Ulof  ibooting  aUra  nu  wta in  Vir^nis and  Muucliiuetti :  it  wu  "s 
file  of  rockcta  whjcli  luttd  two  howa."  Angu  wbi  tbe  Bnt  to  call  attentioD 
to  Uiia  (Af  ril)  "  tr^ee  d'aatcroiilet"  M  a  recorring  pluBngueiuin  (Annoaire, 
1830,  p.  2»7)-  ThebnoFaeruliteaiDtheb^aBiiig  of  tfaa  monUi  (^  De- 
ceniber  U  sIki  deaerviog  of  uolice,  la  favonr  of  their  pcriodkd  nconence 
««  a  metearic  etrEam,  «e  lure  tlu  earJj  oWrratkin  of  Bnedo  ia  the  night 
6 — 7  December,  1TU8,  »heu  be  connted  2000  ahooting  itan  (Brandu, 
l^nteihalt  fur  Freunde  der  Fhfiik,  IS25,  Heft  L  8.  66) ;  ud  perhapa  tha 
immeDse  foil  of  Bcrolita*  on  tho  Illh  irf  December,  ISSfl,  in  Biuil,  b;  tbe 
river  Assu,  near  tbe  tiD^  of  Macao  (Coraptea-readna,  T.  y,  p.  Sll). 
Cspocci,  in  tite  iolerval  froDi  1809  to  1838,  has  made  out  twehe  actnd  falls 
of  aerolites  between  the  S7t)i  and  20lh  of  NoTcmber,  u  well  as  othera  on  the 
13lh  at  Notember,  10th  of  Angnit,  and  ITth  of  Jol;  (Conqites-Teudus, 
T.  ii.  p.  S6T).  It  ii  remarkiLle  that  hitherto  noferioiiaU  Ms  of  aknting 
stars,  or  streana  of  aetolilts,  have  been  obierved  in  that  part  of  the  Earth's 
orbit  to  which  the  montbi  of  Jiaouf  uul  Febioaiy,  and,  p^hqia,  also  tbe 
month  of  March,  correspond,  although  I  mjaelf  witnessed  a  atrikiiig  display 
of  shooting  stars  on  the  1 5th  of  March,  1803,  in  the  Facidc ;  and  a  great 
number  had  been  seen  in  the  citf  of  Qjiito  ■  short  time  bclara  the  great 
earthi^uake  of  Riobamba  (4th  of  Februarf ,  1797).  Beriewing  what  haa  been 
atated,  the  epochs  most  deserring  of  attention  appear  to  bo — 
22— 2S  AprU. 

17  July  (17—28  July  P)  (QueteH  Corr.  1837,  p.  485). 
10  August. 
12—14  Iforember. 
27 — 29  Noiember. 
6—12  December. 
The  Irequcucy  of  these  streams  ooght  not  to  astonish  lu.  If  we  remember  the 
n^rinds  of  comets  which  fiU  tbe  Kgions  of  space,  gieat  as  ia  the  diflereDOt 
betntto  jdsuIdIcJ  comets  and  rings  cumpOKd  of  istcrDida. 

(■')  p.  lis.— Ftid.  T.  WiBDgd,  Beise  langs  der  Nordkiiite  von  Sib!rien  in 
den  Jnhren  1820—1824,  Th.  ii.  S.  2S9.  Respectiiig  the  return  of  the 
denser  swarm  of  the  Novcmher  stream  after  a  period  of  84  years,  see  01b»s, 
in  the  Jshrbucb,  1837,  S.  280.  I  was  told  at  Cnmana  that,  a  short  tion 
before  the  terrible  earth^ualie  of  11QS, — S3  yean,  tbareftHet  beEbre  the  great 
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ihower  of  shooting  ttm  of  11 — 13  NoTOmW,  1799, — ■  rfmito  diiplay  U 
been  leen.  The  esrthqoske,  lioireTer,  waa  Lot  in  Norember,  but  on  the  Zlrt 
of  October,  1 7S6.  It  janj  itiB,  perlia[n.  be  possible  for  aome  traveller  to 
uccrtain  ia  Quito  the  precise  daj  oo  nUch,  diiriui;  a  whole  hour.  Hu:  volcun 
of  Cayamha  ippesred  u  if  leiled  by  tha  number  of  Cilliiig  stars,  and  the 
■lanned  iohabltanta  inttituted  proceasioos.  (Relat.  Iliat.  T.  L  Chap.  JT. 
p.  SOT ;  Cbap.  i.  pp.  ESO  and  527.) 

C)  [I.  1  IT-— Prom  a  letter  to  myKlf,  dated  Januarj'  2i,  1838.  TV 
prixligioua  IbR  of  shooting  stan  of  November  1799,  was  seen  almoit  exclu- 
sively in  America,  vhere  it  was  nilnesEcd  from  Keo-IIermhat  in  Greenland 
to  the  Eqnitor.  In  1831  lud  1832,  lb;  phemomenon  wu  sees  in  Ennp^ 
and  Mareely  elsewhere;  and,  in  1833  and  1S34,  was  seen  only  in  the  United 
Statu  ot  North  America. 

[^  p.  118.— Lettre  de  M.  EdouanI  Biot  i  SI.  QucteTet  >ac  lea  aneieniua 
'  Kpparittojis  d'etoiles  lilantet  en  Chine  ;  BdletMi  <le  I'AoaJcmie  de  Brmelle^ 
1843,  T.  I  No.  7,  p.  8.  On  the  notice  from  the  ChronicoD  Ecclesise  Pragenut, 
tee  Boguslawski  (tli«  son),  in  Pogirend.  Annaton,  Bd.  iKili.  S.  812.  Add  to 
Note  42,  that  the  paths  of  the  four  comets  of  5G3,  S74,  1337,  and  13S5, 
hAve  alio  been  calculated  cidtisively  from  Chinese  observaijons.  See  Johi 
fiiiuell  Hind,  in  Scbumncher'i  Astro  nomische  Nachriden,  1844,  Nr.  498. 

('^  p.  118.— "11  paroitqu'un  nombre,  qui  semble  inr'iiuisable,  de  corja 
(rop  petiis  pour  Hn  observes,  se  meuvent  d>i»  le  ael,  soit  bdIodt  dn  sokil, 
soit  auloiir  ilej  plaoeles,  soil  peut-£tre  mime  autour  Afa  sateUites.  On  suppose 
qne  qnand  e»  corps  sout  rencoDlres  par  notre  atmosphere,  la  diSeicnce  eotit 
letu  viles»  el  cell'  de  noire  plaoete  est  asses  |;iaiid  poor  que  le  frottemeat 
qu'ih  ('pFonrcnt  (outre  I'air,  les  ediauffe  au  point  ile  ia,  rendre  meaudescents, 
et  quelquefois  de  lei,  laire  editer. — Si  le  gronpe  des  I'toiles  tilaiiiea  forme  no 
■nuean  cuntina  antOEir  du  soleil,  sa  vitesK  He  circulation  jiouiia  Eire  trii 
diffe'renle  de  reUe  de  la  terre ,  et  ses  dtpluemeus  dajis  le  del,  pu  mite  da 
aetious  plabelBiru,  puorroiil  euewe  rendre  possible  on  impossible,  it  diRerentci 
fpoques,  le  phi'nomlne  de  larencoutie  dans  lit  plan  de  i'tcliptiqae."  (Puuw^ 
■  Etcheithes  snr  la  Probabilile  dw  JujiKmenls,  |ip.  300—307.) 

<J>)  p.  119.— Humboldt,  Kssai  politique  sur  la  NouvelleEsiiagne  (2- fdiCJ 
T.  ui.  p.  810. 

I!")  p.  IIB. — Flinj  hasrcmarlEedthepeculiareolaiirof  the  crustofaerohles, 
"colore  adusto"  (ii.  SB  and  58).  The  eipiesaion  "literihoi  jiluliae,"  atse 
refers  to  the  burnt  appearance  of  their  exterior. 

^>)  s.  120.— HuiubtM,  lUL  Hiat.  T.  ii.  Cbap.  u.  pp.  299-303. 


^  p.  ISl.— ^utn  Bom,  Bow  nub  dem  Unl,  Bd.  a  S.  S02. 

^  p.  121.— Ouster  Itou,  in  Poggmd.  Ann.  182B,  Bd.  b.  3.  173—192. 

Bammebberg,  Entei  SuppL  lum  diem.  HtindworUrbaidke  der  Hioenlo^ 
1843, 3. 103.  Olben  ncutel;  obunea,  that  "it  ii  a  renurk^lc  oinmn- 
■tauce,  not  hitlierto  notitxd,  tbat  no  ft«ul  metwhe  itonet  hsTe  u  yet  beta 
found,  like  toanl  bIibIIs,  in  MeoDdir;  ind  Icrtiarf  fbmmttOQi.  Are  we  lo  ioFei 
th«l,  pievioua  to  the  lait  and  pment  amngemeot  of  the  itubce  o(  our  planet, 
no  meteoiie  atoaea  had  ialleii  upou  it,  alttiough,  accordinj;  to  Sdireibsn,  it  i« 
probable  that  TOO  Mi  of  aenilitea  now  take  ^bee  in  each  jctrF"  (Olben,  in 
Schnrn.  Jahib.  1B38,  S.  829.)  Prabtaaatical  nickeliferoui  tnuMa  o(  natira 
iron  ha«  be«D  Bwnd  in  Northern  Asia  (Gold-mihiBg  work  of  Petropawloiviki, 
80  geographical  milei  aouth^east  of  Kusneik),  at  a  depth  o[  31  Freudi  IttX, 
and  Teeently  amoDK  the  Carpalhiui  mauutama  (Magura,  near  Silaniei). 
Both  theae  maasea  an  very  like  meteoric  Etonei.  Compare  Ermau,  Arcfajv 
for  wiHenwbafUiche  Kuode  Toa  RuaJand,  Bd,  i.  S.  SIS,  and  Haidingei'a 
Bericht  nbei  die  Slanieier  Schurfe  in  Unpro. 

(^  p.  IBl.— Boneiiiu,  Jahreaber.Bd.iv,  S.Bl7»adZ3t,  Rammelsberft 
HMidworterbtuh.  AbtL  ii.  S.  25—28. 

^  p.  122. — Sirluac  uid,  "betook  all  the  planets  lo  b«  compoted  of  the 
mme  matter  with  tbii  earth,  ni.  eacita,  natec.  aiid  elones.  bul  variDUd;  cou- 
cocted."  Turner,  Coll.  foi  Ihg  Hiat.  of  Grojitbam,  cout.  autheutic  Memain 
o(  Sir  I«ao  Newton,  p.  173. 

(")  p.  123. — Adolph  Ermau,  ia  Potigendariri  ADnaleu,  1S39,  Bd.  ilriii. 
fi.  562 — AOl.  Biot  had  preriaitdy  throwu  some  doiibl  oe  thr  prabubilil;  lA 
the  reappearance  of  the  liovember  ilream  al  Ibe  bet;icuuig  nf  May  (Coinplet- 
rendol,  ISSa,  T.  iL  p.  G70).  Madler  bas  cumined  Ibe  mean  depreatiou  of 
tempentnre  on  tbe  Ihm  iU-reputcd  days  m  tlie  nrauili  ol  AIbj,  ou.  lltb, 
12tb,  Kid  13th,  by  66  yeara  of  oburrations  at  Berlin  (Verlumdl.  dea  Vereiui 
sur  Belord.  dea  Garienbeaee,  1834,  S.  377)  i  aod  hat  found  a  relri^ressiod 
of  tempentnre  ot  l°.a2  Cent.  (2°.2  Fahr.)  jusi  si  the  teasoa  Khicb  ii  rery 
nearly  that  of  Km  moat  rapid  adnnee  of  temjierature.  lliinmchlobenithol 
tliat  thia  pbKnomenon,  which  acme  have  been  inclined  ta  tllribule  to  the 
coding  effeet  of  the  melting  of  large  nucaesof  ieein  tlieanrlb-euteni  pail  of 
Bniopei,  ihonld  be  examined  at  dialant  parts  of  tlie  globe,  aaiu  Korlh  Amcrjci^ 
and  in  the  aoothem  hemiBphere.  Compare  Bulletin  de  I'Acad.  Imp.  de  St.- 
l^rebonrg,  1843,  T.  i.  No.  4. 

C^  p.  128. — Flat.  Vita  par.  ia  Lyiandro,  cap.  33.  The  tcconnt  giro 
If  Danuehot  (DaimachM)  of  a  fieiy  clon^  tluoning  out  tpaita  lika  ibooting 


zmi  vvoB. 

tUn  hanng  been  MBD  b  the  d^  intboiit  iiitwntpliM  (br  fte  ^ue  of  MTisii^ 
d^i,  it  the  end  (rf  iriikii  it  dowMded  nam  to  the  nrtli,  and  kt  fall  Oa 
etom  of  Ago*  PotMnm,  "wUdtmacnlf  u  iBooaadenUfl  partitm  of  As 
•toad,"  ia  Teiy  implohiUe,  becanw  it  would  nqnire  the  direotloD  uid  rdodtf 
ofthebdlofflratabefbrKiiulijderstlwnMewtJiel^vth's;  ia  the  cms 
of  tfae  fire-hell  of  Jnl;  19,  ISSe,  dcMribed  br  HrUi^  (PhU.  Tnna.  T(^  nix. 
p.  18S),  tU«  anl3r  Iwted  for  ■  Ibrminute*.  It  ia  aoraenrtut  muertsiD  whetha- 
the  Dunutdoa,  the  mitor  ngt  mnBtidt,  mi  or  vw  not  the  Siuuidiot  of 
FUtaa,  who  ns  sent  hj  Sdaaoot  to  Lilia  to  the  eon  of  Andiuottae,  end  who 
Stoibo  eilb  >  "hbler"  (p.  TO,  Cannb.},  but  it  Heau  not  imlihelf  &om 
■uother  peagage  of  Fhit.  Compar.  Solanii,  e.  Pop.  ixp.  4 :  at  eaj  Tate  it  ia 
Dill;  the  BccoUBt  el  a  ivtj  Ue  andior,  who  WMl«  ■  teOtatf  and  a  half  aftat 
the  CT eat,  and  whoee  aoUientuitj  ii  donhted  bf  Bntscli.     Compt,  Note  6S. 

n  p.lS4.— 8tob.elHeera,L2S,  p.108;  Flab  da  idiE.  Phikit.  ii.  1&. 

^  p.  124.— The  iraiuABUe  paiaage  in  not.  de  fiui.  Philos.  ii.  18,  is  to 
the  fbllowing  effect  r—"Anm4tiHat  tewbe*  Oat  the  ambiod  etiur  is  n 
letj  aobsUnee,  which,  by  the  fone  of  iti  rotsloij  moticsi,  baa  torn  rocks 
from  the  earth,  inflamed  them,  and  tnnabrmed  them  into  atara."  Availing 
himself  of  «n  meieDt  bble  to  tetAUih  a  pbfaEcal  Dk^:ma,  tbe  Ckzomeiuan 
q^eara  to  have  atttftnled  tbe  Ul  of  the  NenwHa  Uoa  ftma  0*  Hhon  to  tka 
Suth  in  tte  Peloponneani  to  an  aaalegona  daft  of  the  general  uarement  of 
Mtatian,or  to  the  eAtrifagal  torw.  (JUiso,  liL  7;  Plot,  de  fede  in  Orba 
LnUe,  0. 24  -,  Schol.  m  Cod.  Paria.  in  Apdl.  Aigm.  Lib.  i  p.  498,  ed.  Schaf. 
T.ii.p.40i  HelMke,AiinBl.  Alei.lS49,p.SE).  We  hare  had  atonee  bom 
the  moon ;  wa  hare  hen  an  ammal  tHai  from  the  mom  I  Aeeoriing  to  aa 
ingeniona  lemaA  of  BBekh,  the  mjthus  <rf  the  lonai  Hon  of  Kemea  snif  hsn 
an  BBtronomical  origin,  and  •  ^mbdieal  oooneetioB  ia  Anmnlogy,  with  the 
cjele  of  intenahdirai  of  the  bmai  yeei,  the  woidiip  ef  the  Uooa  at  Nane^ 
and  the  grnnea  b^  whidi  It  waa  aoeanqiaaied. 

(^  p.  135.— Hw  fUltiwlng  remarkable  paaaag*  m  the  radiatian  of  beat 
from  the  died  atars — one  of  K^ler'*  m»aj  iatpintiona — ia  Iband  in  th« 
Faralipmn.  in  VildL  Aatrai.  pan  Opiiila,  1604,  Propoa.  inii.  p.  2G :— Lodi 
preprimn  ett  talor,  ^doa  omnia  ealefaeiBnt.  De  ayderum  hice  iJarititia  ntio 
leatatnr,  olorem  aaitetBDnim  in  minori  eaae  propoEtiaiiB  ad  calocem  nnitie  aoli)^ 
qnam  nt  d>  homina,  cnjns  eat  oerla  (»loria  menanra,  nUtqoe  aimul  pereipi  el 
jndieari  poatdt.  De  dndndulamm  Incnls  tenniatiiiia  negare  non  potae,  qoin 
cam  ealore  at,  Vimnt  amm  rt  nliiTentiir,  hoc  aiitem  mm  aine  eale&ctione 
peifieitni«   Scd  iieqw  putreaoenliiua  ligoomn  Itn  aao  ealore  Jwdjfjiitnf  ■  ^^^^ 


ipwi  pnbedo  qnidim  lentttt  i§ii*  «rti     loMt  et  itiipibiu  ntu  calor ."     Can-, 
pare  K^r,  Spit.  Aftrtm.  CopenMuiM,  IfilS,  T.  i.  lib.  1,  p.  SG.) 

<")  p.l29.— "ThamiiaoDtlurtbiiig,  whu:hI.reco[iim«adtotte«herM< 
tjfm  Ot  raaihemttie^  mcai  wUch  ii,  thit  in  F«)inuiy,  and  for  aJittlebe&ni 
and  a  litlle  after  thit  maaUi  (m.I  hm  obHrrsd  M>faraljeinti^tbHi'),alu(tt: 
4  in  tiie  eieaJTig,  when  tb*  tirili^i  Jwdi  aliDMt  d«wrt«d  the  horilOD,  70a 
skoQ  SM  ft  plunlj  duMlubl*  w^r  "^  f>*  twilight  etiikuig  up  towirdi  ths, 
Pleiades,  *nd  ucuung  ilmcit  to  tonah  tbam.  It  ii  m  otecaiBd  aof  dotf, 
tvght,  batit  ii  heat  illae  most*.  Itktr*  U  no  inch  w^  to  ba  obucred  at, 
spj  otliH  tinta  of  the  jea  (that  I  caa  paraaiTa},  nor.  bdj  other  itajr  at  tli«ti 
tiioe  to  be  pereeiTed  dartiag  np  elwirhen.  And  I  belieira  it  hath  beui,  and: 
nilt  be,  Gonatantl;  lisitda  at  that  time  of  th«  yen.  Bit  whit  the  eauM  of  it 
in  lutnre  ahonld  b^  I  cuuuit  j^  imagioc^  but  l«ara  it  to  farther  inqiirf ," — . 
(Childrey,  Britannia  Baeooiea,  1661,  p.  18S.)  Thii  it  the  fint  view  and- 
simple  deeeriptioa  of  Uia  pjuenomeoan. — (CaaBUii,  DMoaverte  de  la  Laauira 
e^esle  qni  parott  dana  le  Zodiaqoc^  H£m.  de  I'AeaiL  Tv  niL  17S0,  p.  276. 
Maiian,  TraiU  pli;>.  de  rAoiwe  Boreale,  VJSA,  p.  16.)  I  find  in  the  angolar 
work  of  CMldrey  referral  (a,  very  correct  detaili  reqiectinf  tlw  ^lochs  at  tl« 
nm-iinw  and  minima  of  aimaa]  andof  dtuTBaltaiqieiataif^BndDotieeareqnct- 
Iag  the  nMo^ation  in  the  cfeeta  of  nuiimmn  and  minimnm  in  all  meteoiolo- 
B;ica]  phtenomeua  ($.  Bl).  It  iito  be  i^^etted  tlut  neflndintheaamevoil 
(p.  US)  that  tlie  EarUi  il.  dongaled  at  the  pdea,  an  ojdnian  ihAnd  b^ 
BraiiardindBSt.-PMne:  the  anthu' i^  that  tba  f^ba  waa  oripnaD;  a  Iro* 
tpheie,  but  the  eoutaot  incnnc  ofihe  muaea  of  ice  at  the  polea  gn^oiJly 
■Itoi  it*  figora,  and,  a>  the  iee  u  formed  from  water,  tliB  qnaoti^  of  water  ia 
gray  wliere  diminiahing. 

Ifi-  f- 193.— Dominie  Caadni  (M6n  do  TAaad.  T.  viiL  17S0,  p.  ItS} 
•nd  Haina  (Amnre  Bor.  p.  16)  mainlained  that  the  piuencaneaon,  whidi  wai 
•een  in  Persia  in  ISBB,  WH  the  EodlHCalli^t.  Ddambra  (Hiit;  de  I'Aatroa. 
■od^in^  T.  iL  p.  'HQ)  aicribea  IJie  ^worerf  of-  tin  zodiacal  light  to  tha 
^cbreted  traveller,  Chardia  ^  but  both  in  the  ConroniLemeDt  de  Solimao, 
and  in  Mnenlpaaaaget  inQiq  nairaliva.of  Matraveli  (H.  de  Langl^  T.  ir, 
p.  836;  TL  Z.  p.  91),  Cbaidin  notioea  aa  "niaaouy  (n;zek),  or  "petite 
lanoe."  onlf :  *<  U  gnude  at  bmeoia  eomete  qui-  paint  presqoe  par  tonle  la 
(eneen  I66S)  et  dont  lB.tHe<(aiteachtedan8ri>acideut;  de  eorte  qa'on  na 
pDWoit  an  rien  aperoaroiE  am  Hionaon  dflapahan."— (Atiaa  du  Vojage  da 
Ghaidin,  'Kb.  it.  from  the  obaerratuna  at  Sdiiraa.)  The  head  or  nndeua 
ufttua  comet  vfaaihowerer,  icon,  in  Braal  .Wid  in  India. — Ifiagri,  QoaiUgi, 
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T.  {!.  p.  a.)     BefpMting  the  oonjectared  fSentitj  of  this  mniet  with  tt» 

recent  great  eaaM  ol  1S13,  KB  Sdmm.  Aili.  Nachr.  1843,  Nr.  470  uid 
4S0,  In  Peniiii,  the  eipicsnoii,  ulzehi  Ueediln  (fler;  speu  or  laore),  is  aim 
Med  lor  the  injl  of  the  rising  or  tettiiig  ton,  in  the  mine  my  as  miriliili, 
•ceording  to  FrtTt^'a  Anbie  Inicini,  ngnifiea  "  stelln  eadentes."  Tha  en» 
peFiwn  a(  eometa  with  lauoes  end  swords  wes,  howerer,  rery  eoouHni  in  thi 
middle  egra  in  ell  ImguBgee.  Tlie  great  eomet,  vhii^  me  aeen  from  Ajiril 
to  Jime  1900,  wm  Cmja  epokea  (rf  by  tbe  Itihkn  wrileis  of  the  day  nite 
Hit  title  of  il  Siffnor  Jilone. — (See  eij  EianKn  oitique  de  rHiatoire  de  li 
Geograjdiie,  T.  t.  p.  SO.)  The  traaj  eoqjedania  which  have  been  nndt, 
that  Deuwrtes  (Cuaiiu,  p.  3S0 ;  Munn,  p.  16),  and  ereo  Kepler  (Ddaii^n, 
T.  i.  p.  fiOl),  were  •eqoainted  utith  tlte  lodiical  lig^  appear  to  nw  quite 
vutenable.  Bescajtes  speaki  very  obscnnlj  (Piincipea,  liL  ait.  138,  137) 
ti  Uie  origin  of  taile  of  com^ :  "  par  dee  rayuna  oUiqoes  qui,  tombaut  ai 
diveraei  parliea  dca  orbea  {dmAurea,  nemient  du  pBitiea  hleralea  k  oobc 
ad  pu  one  le&acCian  eilnordiikaire;"  dao  how  comete'  taib  nu^t  he 
Been,  raomijig  and  ereiuDg,  "comme  nne  longBe  poctre,"  if  the  aan  it 
betveen  the  comet  and  the  cMTth.  Ilis  passage  ia  no  more  to  be  inUrprettd 
M  referring  to  the  lodiacal  light,  than  is  that  in  which  Kepler  a^a  <d  the 
exiatence  of  a  nbr  atmospliBiv  (linibua  drca  aolnm,  coma  Indda),  «hic^  ia 
tolal  edipaet,  "  prevent*  it*  being  qoite  night." — Epit.  Astroo.  Copenuounih 
T.  i.  p.  51,  and  T.  iL  SSS.)  The  atatemenU  of  Caasini  (p.  gSI,  ait  niL) 
and  of  Huran  (p.  16),  that  the  "tiabea  qnaa  Sataia  vocant"  (Plin.  iL  St 
and  27)  had  allneian  to  (ke  lodiacal  light  riling  in  the  Cbrm  ttf  «  loogne,  «■ 
eten  more  Dnceitain,  or  ratha  erroneoia.  £v^  where,  among  the  mcial^ 
the  trabcs  are  aaaocialed  wiUi  the  bolides  (aidores  et  fieea)  and  other  igncoot 
meteon,  and  aometimei  even  with  long-bearded  eometa.  (Bespeeting  3«^ 
tulai,  SuIthi,  aee  Scha&r,  SohoL  par.  ad  Apotl.  Rhod.  1813,  T.  ii.  p.  EOei 
Peendo-AriitoL  de  Mondo,  S,  9 ;  Camment.  Alei.,  Joh.  Fhih^.  <t 
Olynip.  in  Ariatot.  Urieor.  lib.  i.  cap.  TiL  3,  p.  IBS,  Ideler;  Senec^  Nst 
(kfCBt.  i.  1.) 

C^  p.  130. — Humboldt,  Monnmaii  dea  Penplea  iiutigfaiea  de  rAmtrigiiF, 
T.  ii.  p.  301.  Tbt  cariDua  manuacript  which  belonged  to  the  Archbiahi^  d 
BbEinu,  LeTellira',  ooatsioaa  varielj  ofotrtctafroman  Aitecbookirftile^ 
an  aatrolo^eal  calendar,  and  hiahoical  annala  ttoia  1197 — 1U9.  that 
amialB  mmtain  notieeB  of  di&rent  natural  phEenoniena,  ^ncha  of  eartbqutes, 
of  comrte— «>  thoee of  IISO  and  1SS9.— and  of  aolar  edipeea,  which  Be 
impoitaut  to  Mexican  chnmulogjr.     In  (JaautgD'a  Buuiiiumpt,  Histon  di 
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Tlasea'a,  tin  tight  liiing  la  the  cut  ilmoat  to  flu  mitli,  b  itnag^  enooglt 
called  "epirl(lins,«iiclw  if  thick  let  wilh  Am."  The  ducriptiaQ  at  tba 
phainotiK  nan,  which  ii  uid  to  hare  luted  fort]'  days,  can  bj  no  meuu  ba 
■nderstood  to  apply  to  voknaie  osptiaiu  of  the  Ptqwealepdl,  which  it  ntiuted 
at  only  H  Bmall  diaUnoe  to  the  aouUi-oit. — (Pnacott,  Hiatoiy  of  (he  Conqoert 
of  Mexico,  Vol.  i.  p.  2S4).  More  recent  conunentaton  have  eonfonnded  thk 
phaaonMDon,  which  Moolenima  n^sidcd  aa  a  preaa^  of  miaroriniie,  with  tha 
"  estrella  qoB  hnmaava"  ("  which  aciDtillated :"  Mexicaa  cMito,  to  BcidtiUate). 
REspecting  the  eaDuaction  of  thia  vapoor  with  the  alar  Citial  Choh^  (ths 
I^aet  Veaiis)  and  the  "  mountain  of  the  atM"  (CXUaltepetl,  tiie  Tokano  d 
Orizabai),  tee  my  MooumeBa,  T.  ii.  p.  803. 

<**)  p.  130.— Laplace.  Eip.  dn  Syat.  da  Honle^  p.  270 1  Mec.  ceL  T.  iL 
p.  160  and  171 1  Schubert,  Aal.  Vd.  iii.  f  206. 

'  {**)  p.  130.— Arago,  Aoniuiie,  1842,  p.  403.  Compare  Sir  Jtdin 
Herschd'a  considenitiana  on  the  vojnine  and  laintneaa  trfthe  light  of  pboltarr 
nebolie,  ia  Mn.  Somerville'a  Connexion  of  the  Physical  Setancei,  1836,  p.  108, 
The  idea  of  the  lun  being  a  nebnloua  atar,  whoae  atmo^ere  premta  the 
phanomeoon  of  the  lodiusd  li^t,  was  £nt  Btac(«d,  not  by  Duminic  Gaaaiui, 
hot  by  Mainn,  in  1731  (Traite  de  rAorore  Bar.  p.  47  ud  2S3i  Ar^o^  ift 
the  Anonaini.  1812,  p.  413).     It  wai  a  renewal  of  Kepler's  viewa. 

1^  pp.  ISO. — Samiaic  Ciuaiai  aatoioed,  aa  did  aubscqnently  l^ilace,  Schu- 
bert, and  Poiason,  the  hypotheaig  of  a  detached  ring,  to  explain  the  form  of  lh« 
lodiacal  light.  He  laya  diatinctly ; — "  Si  lea  orlHti  de  Mocure  et  de  Veaut 
^eot  tisihlci  (nutetiellemtnt  dans  tonle  I'etendue  de  kta  lorbce),  nona  k* 
verriona  habituellement  de  la  mime  figure  et  dana  U  m&iat  diapoaition  A 
1'^^  da  aoleil  et  anx  m3ma  tenia  da  I'aonee  que  la  lomien  m^acale." 
(Hem.  de  I'Acad.  T.  nil.  1730,  p.  218 ;  and  Biot,  in  the  C<Hnpte»-reudua. 
1836,  T.  in.  p.  t66.)  Cssuui  auppond  that  the  aehDh>a8  ring  of  the 
Didiacal  light  conalatcd  of  »  oountlcia  number  of  amall  plBoMajy  bodie* 
which  revolfe  roond  the  aun.  He  waa  inoUned  to  bdiere  that  the  fall  o( 
the  trc-balli  might  be  counceled  with  the  paaaage  of  the  earth  throngh  tho 
lodiacal  uebulooa  ring.  Olmated,  and  eepeciaDy  Biot,  in  the  above-men. 
tioned  volume  of  the  Cunptea-rendaa,  p.  673,  have  attempted  to  connect  it 
with  the  Notemba  bll  of  aerolitca,  bat  Olbcra  r^;aided  Uua  aa  voy  doubtful, 
(^um.  Jarboch,  1S37,  S.  281.)  On  the  qocation  whether  the  plane  of  tha 
udiacal  light  coinmdea  fetteMj  with  the  plane  of  the  vta't  egnitor,  aee 
Hwneaii,  in  S«hnm.  Aitr.  Nadu.  1S43.  Nr.  4S3,  S.  190; 
^  p.  131.— Sir  JdiD  BenAd,  Aitrou.  f  487. 
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n  P-  ISl.— Ango,  Annwlr^  1S42,  p.  246.  Sntnl  phjnol  fiwta  qk 
pMr  to  indicate,  Uiat  when  a  dum  of  matter  ii  mectaoiEiUj'  rednced  to  a  Htite 
n  dtvinon.  it  the  nuM  ba  mj  mull  in  [ooportioii  to  the  enr&ce,  tbt 
M  nfflaently  tar  the  dereloiimeut  al  li^  and  heat. 
«  minor  haw  not  hitherto  given  en;  dedded 
pnot  of  the  prcMmee  o(  ndiint  heat  ia  U>e  sodiaeel  light  (Lettre  de  M. 
Mattbioun  i  M.  Ango,  Con^tee-cendu.  T.  xvi.  Iftlg,  Avril,  p.  Q87.) 
.  0^  p.l3a.— "Vhatfontallmaofthadiuigca  of  light  in  the  zodiaeal 
i^A,  and  of  ths  cuisei  to  which,  within  iba  tropin,  joa  aecribB  such  varia- 
tiimi,  li»  exdted .  m  J  intcnat  the  more,  beoaiua  I  hare  been  fiir  a  long  timo  past 
puticulatl;  attentive  eraij  sprii^  to  thia  phtenonHmon  in  our  northam  lati> 
taidet.  I,  t0a,haTeal«a]«beheTedtheiodiaoallighttarotat«;  bnt  I  awamed 
it  (coutmij  to  PtnWDD'B  oiniiian  wUeh  yon  oommBnicate  to  me)  to  extend 
Hu  whole  w^  to  &e  Mm,  incmaii^;  nfoillj  in  intauity.  lie  humnoaa 
lilda  which  in  total  edipeee  ahewa  itaelf  around  the  darkened  sun,  I  hare  sop- 
pond  to  b«  this  brighttat  portion  of  tbe  ndiacal  ligbt.  I  have  aa&fied 
■QBdflhatlheli^tiaverf  diflereot  in  difl^vnt  Tears,  aometimeB  tai  wvenl 
■Kceanie  ;eare  bdag  yaej  bri^  and  eitoi^  aad  in  other  yean  aoarc^ 
pMMjdiUe.  I  think  I  find  the  flrat  true  <rf  any  notice  of  id  ^atenee  in  a 
letter  from  Rothmann  to  Tyeho  Bt«he.  BoOunMin  remario,  fliat  in  tjaieg 
he  haa  obaored  the  twili^  ecaaed  when  the  nm  had  descended  24°  heneatii 
^  braiKoi.  BoHmnum  mot  ecttMuly  hare  eonfonnded  the  diaa^KarBnoe  of 
file  lodiaial  light  in  the  vqwrna  of  the  mstcm  horizon  with  the  nal  termink- 
tioQ  <rf  the  evening  Imlight.  I  have  not  myacU  been  able  to  abaerve  tha 
piddni  flndnaliaiM  in  the  li^^t,  probably  nn  aeconnt  of  the  faintnesa  «ilh 
which  it  appeaia  to  la  in  thia  part  <I  the  woiM.  Ton  are  certainly  ti^d  in 
Mcnbing  Uie  r^rid  variatiou  in  flie  light  of  edotia]  olijeda,  whiiA  yoa  han 
percdved  in  the  dimste  of  the  Iropisi,  to  diangea  taking  place  in  oor  atmofc 
phere,  and  especially  in  itc  higher  regioBt.  lUasbewaitwiKinBniostBbiking 
Banner  in  tbe  tailg  of  great  oometk  OlUi,  and  partiealarty  in  the  cleareit 
weatbra,  pnlBBfoMiB  in  the  (tnli  at  soawia  an  aeen  t«  coramenixi  from  the  head 
<r  nnelena  aa  the  lowest  part,  and  to  ni>  in  one  or  two  seconds  through  tbe 
wtuds  Bitent  of  the  tail,  wluch  in  eoaaeqnenoe  appeara  to  lengUun  aevrnil 
itpm,  and  ooubiwt  again,  l^at  these  nndelations,  whi^  ei^aged  tin 
■ttentiouof  Robert  Hooks,  and  in  later  time*  ofSchroter  and  Cblsdni,  doMt 
ttktj^att  M  M«  cometaty  lailt  UakmJmv,  but  are  pradnoed  by  our  atmes- 
jtten,  appeen  evident  if  we  reflect  that  tha  several  partidsa  of  Uieae  oomstsiy 
tails  (wliieh  are  many  milliona  of  mfleam  length)  are  at  esryi^ftrirtJiriaiww 
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firam  «,  mi  that  the  BgM  from  Uun  cui  tmlj  naA  oar  lyn  it  Intemli  alf 
time  which  differ  tenni  mirnita  trom  «wh  other.  I  will  art  ittempt  to  dirids- 
irheUici  iriut  y oa  aw  on  tha  bub  <rf  the  Orinooo,  not  it  intemla  of  Kcondi^ 
butof  miBBla,  wen  actaal  nvmoitioiu  of  the  uKtiac*!  ligU,  or  iritetiier  tfaej' 
fadonged  kMj  to  ths  npFCr  tbst*  of  our  atnuMpheie.  Nor  an  I  eiplam  tin 
cemirlinble  ligUoM*  af  entin  ni^ts,  or  the  iiraauJoa*  iocreaM  ud  prolon- 
gation of  twilight  in  Qie  year  1S31,  paitieiilarlj  if,  u  it  hu  been  Mid,  tha 
li^kieiiparl  of  these  nagiiilir  twQightadid  not  eoinnide  with  the  place  of  As 
•an  betow  the  horizon."  (Bitnet  from  a  letter  ttom  Dr.  Olben  to  mjiei^ 
mittBa  front  Bremen,  ]!Auvk  £S,  IBSB.) 

0°°]  p.  133.— Slot,  Traits  d'Ajtnm.  pltTiiqD^  9*  ti.  1B41,  T.  i.  pp.  ITl, 
B3B,  ind  313. 

(">)  p.  134.— Beisel,  in  Sdmra.  Jahrb.  tat  1SS9,  9.  Gl ;  perlu^  fi«F 
tttQliooiof  KCograpMealiBilninaiiar,  in  itjative Tdocitjal least  SSSOOOO 
milee,  or  more  than  double  tbe  nkidt;  of  rerdntion  of  the  earth  iu  her  oibit. 
O  P-  13B.— On  the  proper  motion  of  the  lolar  ejitem,  according  to 
Bradlej,  Tobiii  M^er,  I^mbart,  Uinde,  and  WilKani  Hendid,  »ee  Amgt^ 
Anmudre,  1842,  p.  3SS— 3W;  Argelinder,  in  Schnm.  Akr.  Sttia.  Nr.  368, 
S64,  and  39S :  totd  mt  Feraeni  u  the  ceutrtl  body  of  our  ridere^  Btratmn,  hi 
tiie  treatise,  Von  der  eigenen  Bewegnng  dei  Bomietufitema,  18S7,  S.  4S; 
■leo  Otho  Stntre,  in  Oe  BnlL  de  fAcad.  ie  St.-PJUnb.  IMS,  T.  i.  Xo.  », 
p.  137 — 13B.  By  a  more  leoent  rambinaljon,  Dtho  Strnre  fonod,  for  tbe 
direelicnortheinorenieiitoftbeKdargy>tem,2fll°23'A.R.,  +  87°8B'Ded.; 
and,  nniting  bis  result  iritb  Algelander'i,  We  And,  by  ■  eomhinatian  of  TST 
■tare,  369°  9"  A.R.,  +  Si'  M'  DecL 

(«»)  p.  13fl.-Ari»tot.  do  Ctdo,  iii.  fl,  p.  801 ;  Beikar,  H^  nit  i, 
p.  ESS. 

C*^  p.  137. — Sarary,  btte  Coiini{nBiicede9Tcms,1SS0,p.  50aiill63i 
Eacke,  BerL  Jshrh.  ISSS,  S.  2SS  ff,  i  Arago,  Aimiuure,  1SS4,  p.  2S0— £9G ; 
JUin  HerMhel,  iuMem.  of  IheAitivn.  Soc  Vol.  t.  p.lTI. 

V)  p.  137. — Beaad,  Untfrntclamg  dea  TtuBt  da  planetariadien  St5- 
tai^en  welche  mu  det  Bewegnn;  der  Sonne  entitehen,  in  Abb.  der  Bed  Alad. 
der  WissenBch.  1S24  (Hathem  Claae)  S.  i—H.  The  qncstion  hai  baoi 
nised  by  Johinn  TobiM  Mayer,  in  Comment  Soc.  B^.  Getting.  I6U,  IMi 
Vol.  iTi.  p.  81—88. 

(^  p.  188.— Phn.  Trm«.  1808,  p.  BUS.  Ar^,Aniraaire,I84B,p.87». 
-~8otB.e  idea  of  the  diitsnce  anigned  ia  the  text  to  tbe  nearest  fixed  itara  may 
'  be  obtained  by  eonaiderinft,  that  if  we  take  one  Acnd  foot  at  the  JEerft*! 
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Mltor  diitanee,  tlu  planet  Uimiu  will  be  19  feet,  and  ■  Ljne  18B  geogr^hinl 
nilea  from  the  Sou. 

(W)  p.  138.— Bessel,  in  Sdrnm.  JaJub.  1839,  S.  B3. 
0*^  p.  13S.— Mudler,  Aitr.  S,  ITS.     Th&  ume  antlior,  in  Schnm.  JahL 
183D,  S.  SS. 
("»)  p.  1*0.— Sir  William  Herachel,  HuL  Tram.  1817,  Ft.  2,  p.  S28. 
P"^  p.  140.— Arago,  Annuaire,  184Z.  p.  Hi. 

(■")  p.  111.— Sir  John  Henchel,  ia  a  letter  from  Feldhanscn,  Jan.  13. 
1836.  Nicholl,  Archit.  of  tliB  Hea7eiu,  1838,  p.  2Z.  See  oiao  Boine  scat- 
tered notice!  bjr  Sir  William  Herachel,  on  the  gtarlen  apgcc  irhii^h  scpardlci 
ui  from  the  MUky  Way,  in  IhB  PhiL  Trana.  for  1817,  Ft-  2,  p.  328. 

("=)  p.m.— Sir  John  HcrMhe1,Aa^n.tG24.  Tlienmeaulhor,  mOlHei^ 
ntiongof  \'ebiil»iindClLK(eriofStars(Fhn.  Trani.  1833,  ['1.2,  p.  479, 
25}  I  "  He  bme  here  a  broiber  tyatem,  bearing  a re^ phyucal  reieiublauoa 
did  ilrong  anilogj  of  structnre  to  our  own." 

(11^  p.  Ul.— Sir  Wm.  Hetichel,  imhe  Phil.  Tran..  for  178S,  Ft.  1,  p.  257. 
Sir  John  Herschel,  Astroo.  f  616 ;  and  [a  a  letter,  addressed  lo  iiijae'r,  in 
Slarcb  1S2S,  he  lays : — "  The  nebulous  region  of  the  heaceai  lonnianebuluui 
taiiky  Hsy,  eomposed  of  distinct  oebiiJs  as  the  other  of  Kin," 
0")  p.  142.— Sir  John  Hersehel,  Astron,  j  585, 

('")  p.  142.— Arago.  A.nniiain^  1S42,  pp.  262-2B5,  409—411,  wH 
439—442. 

("■)  p.  142.- Olben  on  the  Transparenc;  of  Celeatial  Spaces,  in  Bode'i 
Jahrbucb,  1826.  S.  110—121. 

("')  p.  143. — "An  ulKninf;  in  (he  hfaccnt,"  ^'illiam  Hcrsrhel,  in  the 

FhJ.  Trans,  for  1785,  Vol.  liiv.  Ft.  1,  p.  250.    Le  FiHojoia  Lalande,  iu  the 

Coonaiw.  dtsTemspourrAn  VJII.  p  383.    Arsgo.Anmaire.  1843,p.4aS. 

P")  p.  143.— Arutut.  Kleleor   u.  5,  ],     Suieta.  NUur.  Qiucst.  i.  1*,  2, 

"Ccelum  discessiise,"  in  Cic,  d«  Divio,  i.  43. 

0")  p.  143.— Aia^^o,  .^Dnnaire,  1S42,  p.  420. 

C™)  p.  144.— lnDMeir,her  1837.  Sir  John  Herschduw  the starfl  Argfl^ 
itl|](h,  (ill  that  lime,  bad  alwayt  appeared  of  the  second  ma(;iiitiide  and  Iiivk- 
tiahle,  increase  rapidly  la  bnghlneu  uulilit  became  of  the  first  Duguilude. 
Ja  Janiiiuy  1838,  iU  brightneaa  was  already  e^vial  to  that  of  a  Ccntauri.  In 
Slarch  1843.  it  appeared  to  Maclear  aa  bright  a»  Canoposi  and  "eiea 
«  Crucii  looliEd  faint  by  the  aide  of  q  At^Os.' 

('-')  p.  144. —  "  Keiiee  it  follona,  that  the  rays  of  the  light  of  the  lemotcit 
mebulK  mnat  have  been  almoat  two  millions  of  years  on  their  Kay,  and  tiud 


NOTES.  XKItX 

ly  M  mwy  je*"  "go  f"'  object  mnst  almaAj  hare  had  am  eiist- 
Vice  in  the  siJeresl  hesveoa,  in  order  to  Mod  ont  those  rap  b;  whicb  we  now 
perceive  it."— William  Herachel,  in  the  Rul,  Trans,  for  1802,  p.  493.  Sir 
Joha  Herachel,  Aitroii.  f  S90.  Arago,  Annnaire,  1812,  p.  334,  359,  aud 
882—385. 

0^  p.  1*S. — From  Ihe  bwrotifid  soniirt,  "Preiheit  nnd  Graeti,"  by  my 
brotber,  Wilhelm  ion  Hniaboldt :  Gesommdte  Werke,  Bd.  iv.  3.  368,  Na.  35. 
(^  p.  145.— Otfried  MQUer,  Prol(«ometi«,  8.  873. 
0^  p.  149. — In  epealang  of  the  greatest  depths  reached  by  minii^  and 
boring  operationB,  ire  most  diatjngmsh  bctireen  the  aitolulf  depth,  or  that 
below  the  enrface  of  the  Earth  at  tie  point  Bhere  the  wort  began,  and  the 
relaiive  dejith,  ar  that  belon  the  level  of  the  sea.  The  greatest  relative  deptU 
nhich  has  yet  been  obtained  is  probttblj  that  of  the  salt-works  of  Nen-Salzwerlc, 
near  Mindeu,  in  Prussia :  inJanelS44,  ita  exact  depth  was  607 '4  metres 
(1 993  English  feet) ;  the  absolute  depth  was  880  mtoes  {2231  Bqgliali  feet), 
^e  tempeistun:  of  the  water  at  the  hottem  was  %2-T  Cent,  or  90*S  Fah.; 
whieh,  assuming  the  mean  temperotore  of  tiie  air  at  9  0°  Cent.  (49°  Foh.), 
pvea  an  increase  of  1°  Cent  for  29-B  mSt.,  or  1°  Fah.  for  63-8  feet.  The 
■bsdiite  depth  of  the  Arteaan  weU  of  Qrcnelle  is  only  1883  feet  (1794  EngL 
feet).  Aeerading  (o  the  scconnts  of  the  nnadoaary,  Imhert,  the  depth  of  ool 
Axlfeiaa  wells  is  much  eiceeded  by  that  of  the  fire-spdnga  (Ho-tsing)  ia 
China,  which  aie  sunk  for  the  puipose  of  obt^ning  hydrogen  gsa  to  be  em- 
ployed in  Balt-boiliog.  In  the  Chineee  province  Szn-liicliiian,  the  fire-spring* 
very  ordinarily  resiii  a.  depth  from  1800  to  2000  French  feet :  it  is  even  said, 
that  at  TacQ-lien-tHug  (place  of  conlJEUal  flow),  there  is  »  Ho-t3ii^3000  feel 
deep  (3197  Fngl.),  wbieh  Mita  \>areA  with  a  rodin  the  year  1812  (Humboldt^ 
AMe  centrale,  T.  ii.  pp.  G81  and  525.  Annolcs  de  TAssodation  de  U  Pro- 
pagation de  la  Foi,  1829,  No.  16,  p.  369).  The  rehitive  depth  reached  at 
Monte  fUtse,  in  Tnscany,  sonth  of  Votterta,  amounts,  according  la  Matleacci, 
only  to  382  metres  (1253  Engl.  feet).  The  boring  at  Neu-Salzwcrk  has  pro- 
bably very  nearly  the  same  relative  depth  as  the  coal  mine  at  Apendalc,  near 
Hencastle-nndcr-Iine  (Slafordshire),  where  men  work  at  a  depUi  of  72S 
yards  below  the  surface.  (Thomas  .Smith,  Miner's  Guide,  1836,  p.  160.) 
TJnibrtnnatdy,  i  do  not  know  the  eiact  height  above  the  level  of  the 
sea.  The  relative  depth  of  the  Monknearmouth.  mine,  near  Newcastle,  is 
1496-5  Engl,  feet  (PhiUipa,  Phil.  Mag.  Vol.  v.  1834,  p.  446] ;  that  of 
the  Id^  coal  mine  of  Eeperance,  at  S6rding,  is  1371  (1355  EngL) 
ftet,  accor^ng  to  M.  Ton  Dechen,  the  director]   and  the  old  coal  min* 


«f  Hwihira,  near  Tat.3t.-lAinb«il;  in  Uie  roller  of  the  Ueme,  h 
1157  ncnch  feet  (1238  Engl.),  aooordiiig  to  M.  Genacct,  Ingenieiir  dv 
Hinn.  The  misoa  of  gnttett  abaolote  d^th  are  (br  the  moat  part  aitoated 
in  Boeli  denied  manutaia  rall^  or  jAains,  that  their  deepest  portioiiH  either 
ia  not  descend  to  the  leret  of  flu  aea,  or  reach  but  a  little  iray  b^ir  it. 
Thm  Qie  Eselidiacht,  at  Kntteoberg,  in  Bohami*,  which  ia  now  iuaccenibl^ 
had  the  prodigiom  absolute  deptli  of  35U  (8778  Engl.)  feet  (Fr.  &.  Schmidt 
Berg  geaetze  der  osterr.  Man.  Abth.  L  Bd.  L  S.  32).  At  St.-Daniel  and 
at  Borerbiihel  (Laodgi^clit  kiUbuhl)  there  irsre,  in  the  16th  eentiuy,  eieiir&- 
tioiu  2916  Freach  feet  deep.  The  plaui  of  the  works,  dated  1539,  are  stiH 
picserred  (Ji»eph  von  Spergci,  I^FTokr  Bergwerksgeschichto,  S,  121).  Cma- 
pare  alw  Humboldt,  Gutachten  iibn  Henratreibni^  its  Meissner  Stollens  ia 
de  Freiberger  Sizrevier,  piutad  in  Herder  dber  den  Jetzt  b^Dnaiaiea  Erb> 
■tollen,  1838,  S.  121.  It  atj  he  mppasad  that  the  knuwledge  of  the  exb»- 
ordinar;  dqith  of  the  Borerbiihel  had  reached  England  at  an  oulf  period,  fta 
I  Snd  it  Blal«d  in  Qilbert  de  Maguete,  that  men  had  penetrated  intu  the  cnut 
of  the  earth  to  depths  from  2400  to  SOOO  feet  "Eiigua  Tidetor  term 
'  portio  qoie  nnipiam  homimbiu  ipedanda  emerget  antemitiir :  ciun  profandiw 
in  qua  Tiicera,  nllra  eSoresceDtis  eztremitatia  comi|ilelBm,  aat  propter  aquai 
in  mignia  fbdinis,  tsoqnun  per  Tessa  aoaturient^a,  aat  propter  aeris  aalubriorii 
ad  vitam  opraarioram  anstinendam  nceetMiii  defectum,  tat  propter  ingentea 
Monptua  ad  tantos  laboree  euuflaodaa,  mnltMqoe  difficnltatet,  td  profuadioiet 
teme  partes  penetrare  non  potramoa ;  adeo  at  qnadiigentaa  ant  (qood  ra- 
riasime)  qningentag  orgfaa  in  qmbnsdam  metallia  deacendisae  Btnpendiit 
omnibns  lideatur  conatna." — Gnlielmi  Gilbetti  Colceatrenua,  de  Magneta 
FI^oIogiB  nora.    Load.  ISOO,  p.  40. 

The  absolute  depth  of  the  mines  in  Uie  Suoa  Sngebii^  near  Fitiber^ 
are:  in  the  Thnrmholer  Zng,  1824  (1014  Eng.)  feet;  in  the  Hoheit!>ir}» 
Zng,  1714  (1827  Sag.)  feet:  thecelatiTe  heighto  are  nearly  626  and  620 
(677  and  377  Eug.)  feet,  """"'"g  the  elerataon  of  Freiberg  ahore  the  leiel 
(tf  these*,  according  to  Reich's  recent  determination,  to  he  1101  (1269  Sag.) 
fed.  The  absolute  depth  of  the  rich  and  celebrated  mine  of  Joadumathal  a 
Bohemia  (Verkrenzang  dea  Jnng  Hum  Zechui-imd  Andreas  gange^  is  ISSV 
(2120  Eng.)  feet;  bo  that  assomiug  from  Herr  tod  Deohen's  mesanremeitb 
fhe  ground  at  the  snrfoce  to  he  about  22gO  (2388  Eng.)  fbet  shove  the  level 
eC  the  sea,  it  follows  that  the  eicalatiouB  have  not  jtt  i«ached  that  level  In 
the  Hara,  the  Ssmson  nunc  at  Andreaabe^  has  an  absolute  depth  of  SOBS 
(B1S7  Eug.)  f^et.    In  nhat  was  Spanish  America,  the  deepeat  mine  wilt 
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■rlitcb  I  m  ai-qn^irted  ti  the  TOairiinn.  new  Qiunwioato  in  Keoiea,  irium 
I  found  the  (bgolute  deptk  of  Uu  Pbim  dc  San  Benucda  15S2  {IflSS  EucJ 
Eeet ;  bat  this  ia  aim  SBOi  (t»60  £ik.)  fe«t  above  tbe  Inel  of  Uie  ks.  If 
we  oompan  the  depth  of  the  Kutttsbngn  mine  (a  depth  gnater  than  the 
brngbt  »f  the  Bioekoi,  and  mlj  300  Ceet  leaa  thin  the  height  of  Veanfiiu, 
with  the  loftiMt  bnildii^  erected  hj  man,  with  the  Pjnmid  of  Cheups  and 
with  the  Cathedral  <rf  Strarini^  we  £ad  the  pn^iortira  (4  S  to  1.  Oor  geo- 
logicot  wntinga  canlaia  ao  aaauf  atatementa  either  T^oe  oi  diafignred  bj 
cxraaeotu  teduetioD  to  Fariaian  feet,  Hoi  1  ban  Uun^  it  derarable  Co  bring 
tJigether  in  this  note  all  the  eeriain  inlbimition  whicji  I  eonld  collect  respect- 
ing the  greatest  absolute  and  lelatire  deptha  of  artiBcial  eicaTatians.  In 
deecendiDg  eutward  from  Jeniaelmu  to  the  De*d  Sea  ud  ibe  taikj  of  the 
•Tordsn,  a  liew  la  ayojei  which,  acoording  to  oor  present  hfpsomelno 
linowledge  of  tlie  lar&ce  of  tlie  earth,  baa  no  parallel  in  an;  other  region. 
The  rodft  on  which  the  trareller  treads,  with  the  open  sbj  orer  hia  head,  are, 
•ccoj-diog  to  the  barometiic  measnreiaents  of  Braton  and  Rnssegger,  1300 
(138S  Eugt.)  feet  below  Oie  levd  of  the  Medilcrruean.  (Humboldt,  Aaie 
centnJe,  T.  ii.  p.  833.) 

('^)  p.  150. — Baain-absped  stnils,  which  sink  and  reapiiesr  at  diataucee 
which  on  be  meaaared,  althoo^  thcdr  deepcft  portiona  maj  be  inaccessible 
to  the  miner,  yet  afford  acnaible  evidence  of  the  conetittilion  of  the  crast  of 
tJie  earth  et  great  depths  beneath  the  enrlaoe.  raot*  i^  thia  Mud  posaeai, 
therefore,  great  geological  interest ;  I  am  indebted  to  the  cicellent  gcologjat 
Herr  roo  Decben  for  Ihoee  ndticiiKd: — "Tlio  depth  of  the  Lifge  coal  bashi 
«t  Mont-SL-GiUes  I  infer,  from  the  joint  iuTcetigation  of  our  Mend  Herr  vira 
Oeynhanaen  and  myaelf,  to  be  3650  feet  (3809  Kugl.)  bdow  the  suitiu^  or 
SS50  {UU  Sngl.)  feet  below  the  level  of  the  an,  the  election  of  HonU 
St.-OiUes  being  certainlf  nndei  400  Fiend)  feet;  the  coal  baun  of  Monr 
mast  be  fully  1T50  (ISeS  EngL)  tetdeepajtiU.  Bnt  aU  theae  deptha  are 
small  compared  to  that  whidi  m^  ha  dednoed  from  the  tnperposilion  of  tha 
e«el  atrata  of  the  Saar-Kevier  (Saatbruokan).  I  infer  from  repealed  snrn^ 
that  the  lowest  coal  sliala  which  we  know  in  the  district  of  Dattn^er,  near 
Bettingea,  north.«aat  of  Saarloma,  descend  to  a  depth  of  19406  (20682  £ng.) 
■ad  20656  (213K8  £ngl.)  feet  bdow  the  level  of  Oie  tea,  or  3.6  geogr^eal 
miles."  This  result  exceeds  b;  8000  {862S  £ng.}  feet  the  ssaoniptian  made 
in  the  teit  for  Uie  depth  of  the  basin  of  Uied^nian  strata:  it  is  a  depth 
helow  the  level  of  the  MS  equal  to  the  height  of  the  Chimborazo  above  it,  and 
nt  wlueh  we  thonld  infer  Uie  tempentnre  to  ba  ai  high  as  231°  Cent.  (467* 
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lUi.)  We  lure,  therrfore,  bom  the  Mghesl  mmiiiits  at  tie  Himal&Ta  ta  tt« 
hveat  portions  af  the  badns  whick  coatBin  the  fosail  Bonis  or  v^etilile 
remmos  <rfaa  earlier  state  of  the  globe,  ■  lertical  dislaiice  of  450OO  (or  abod 
43000  £Dg.)  feet,  or  ^  of  the  eartb'i  >eim-diameter. 

0»)  p.  15*.— Plato,  Phado,  p.  97  (Aristot.  MetopL  p.  S86).  Compm 
Eegel,  PhilosopMe  der  OetchicMe,  1S40,  8.  16. 

C^  p.  155. — Beuel,  Allgemdne  BetndiCnngen  Qber  Gradmessangen  nich 
•stronomisch-gieodiitiKlien  Arbeilen,  at  the  dose  of  Bessel  nnd  Baejer,  Gnd- 
messnog  in  Ostpreussen,  S.  427.  Respeeting  the  aeeamnlstion  of  matter  m 
the  side  of  Uie  mooa  which,  is  lurDed  towards  the  earth,  see  Laplane,  EipoL 
du  Syst.  dn  Monde,  p.  SOS. 

('=)  p.  155.— Plin.  ii,  6S;  SeDee^  Nat,  Qnast.  Pnef.  e.  iL  "El  Dnmila 
«s  poco"  (the  earth  is  small),  said  Cohimbua,  in  n  letter  to  Qaeco  laahdb, 
written  from  Jamaica,  JiJy  7,  1503  ;  asing  the  eipressioo,  however,  ibUmi 
from  his  desire  to  shew  that  tJie  passage  from  Spain  is  not  long  ''when  vre 
seek  the  east  from  the  iFest."  Compare  my  Eiamcn  crit.  de  I'Hist.  de  b 
Geogr.  dn  IS-  Siecle,  T.  i.  p.  83,  and  T.  li.  p.  327;  "'here  I  have  aheira 
that  the  opinion  supported  \tj  Detisle,  Freret,  and  GoBselin,  of  the  eitraiagact 
diScrences  iu  the  estimnles  of  the  circnmrereace  of  the  earth  in  Greek  nriten 
being  merely  apparent,  and  caused  by  (he  difTerent  vtdnes.  of  the  stadia  em- 
ployed, had  been  pat  forward  aa  early  as  1495,  by  Jaims  Fener,  in  a  propo- 
sition having  for  its  object  the  determiaalioa  of  llie  ppal  line  of  demarcaldon. 
CS")  p.  155.— Brewster,  Life  of  Sir  Isnae  Newton.  1831,  p.  162  :— "  TIh 
discovery  of  the  spheroidal  form  of  Jnpiler,  by  CaSBinJ,  bad  probably  directed 
Ha  attention  of  Newton  to  the  deteimjnatiou  of  its  canse,  and  conseqaently 
to  the  investigation  of  the  Irne  Sgnre  of  the  earth."  It  is  trnc  that  it  was  ia 
1601  tlmt  Caasini  first  annonnced  the  amount  of  the  cempression  of  Jujutff 
(.j^)  (Aninena  Mc'moires  de  I'Anid.  des  Sciences,  T.  ii.  p.  108) ;  bnt  «t 
know,  through  lalanile  (Astron.  S"  H.  T.  iii.  p.  335),  tlmt  Maraldi  was  ii 
posseEsion  of  some  printed  eheeta  of  a  Latin  work  on  the  epots  of  the  planets, 
eommi^nced  by  Csasini,  from  which  it  appeared  that  he  was  acquainted  with 
the  elliptidty  oC  Jupiter  evai  before  1609,  or  31  years  before  the  pablicaliai 
of  Newton's  Principia. 

('°°)  p.  IB?. — Besad's  inves^aHon  of  ten  measnrementa  of  degreea,  h 
which  Oie  error  diecorered  by  Puissant  in  the  calculation  of  the  Frendi  an 
ia  taken  into  account,  and  allowed  Ibr  (Schumacher,  Aatr.  Nachr.  1S41, 
Nr.  188,  S.  116],  gives  the  semi-major  aiis  of  the  elliptical  spheroid  d 
icvohuion,  which  the  irregular  Egun  of  th«  teith  most  nearly  resembH 
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.IST20TT-14  T.I  tlM  Kmi-miDar  uia,  8SS1139-33  T.;  ths  dUptimtr, 
svi-TTsi  Midtlieleiigthotminend<«i«c(rfllieiiieriduu],aT013'109T.inUi 
a  probtd>le  ertai  of  2-3403  T. ;  whence  Uie  leogUi  itf  ■  Ocnnu  geognphical 
mile,  IB  to  •  d^K^  u  880T'3S  T.  [Id  Britiah  hkmori,  the  terni-u^ 
aiuuS0»S4774C(Ht;  the  Mmi-minoi  aiu.  20S54E21  feet;  thckogthirfm 
mem  dtfpwe  of  tbe  meriduo,  SMS96-0  Mt,  witfa  a  probebh  entir  of  ISId 

.feet;  tatdtbatafegiographu»liniI<vBOto*d^nsi^e08S-7afect.ED.]  Pn. 
Tioiu  combinitioDi  of  nuamwDMati  of  direct  mied  betwevo  ^^  and  ^^i 
thai  Wdbeck  (De  Foniu  et  Hagnita&ie  Tdlurii  b  Demciuii  ArcobuB  Men* 
diaai  definieikdiB),  in  1S19,  gire*  svi'T*  i  1^'  Schmidt,  [Lehrbuch  dcr  math. 
nnd  pliji.  Gct^nphie,  8.  6),  in  1S2S,  gint  ivf-TT  ^^^  Kven  meuorei. 

.  Betpecting  the  diflerence  of  Uie  eoujinaiioii  dednced  from  mcuarenKDla  ia 
diffennt  lougitudea,  we  Bibliothiqac  miiTtnelle,  T,   luiii.  p.  ISt,  and 

.T.  uiv.  p.  ES;  also  ConnuMauce  dea  Teou,  1829,  p.  390.  From  the  Imiar 
ineqoalitiea,  Lqilacc  foand,  bjr  the  older  tabUa  of  Borg,  ^fy.-g  (ExpM.  du 
Syst.  du  Monde,  p.  S29),  ind  aabseqacntlf,  b;  emplojiiig  the  obMmtioDS 
of  the  moon  diacowed  b;  BnickhudI  and  Baaiard,  gfy■^  (Mecan.  cfieat^ 
T.  1.  pp.  13  and  43.) 

0")  p.  157. — The  valnea  of  ths  oompresaian  dednced  bj  meant  of  the 
pendnlum  are  aa  followa : — The  gmeni  result  of  Sahine'a  gnat  eipedition 
(1822  and  1S23,  ftom  the  equator  to  80°  N.  lat.),  p^.y  ;  Fnydnct,  eiclnil- 
iug  the  eipcrimenls  at  the  Isle  of  France,  Gnam,  and  Mowi,  nV'S  •  Foaler, 
r^-T,  Dnperrej,  g^.,;  Intke  (Paitie  nantiqae,  1SS6,  p.  232),  from  11 
stations,  g^.  Leaaer  elliptjdtiea  haTc  been  given  bj.tlie  pcndnlnm  obwrra- 
tiona  between  Foimenlera  and  Dnnkiik,  ^fy.^  according  to  Mathica  (Con- 
naiawnce  do  Tenu,  1816,  p.  830) ;  and  bj  thoae  between  Fonnentera  and 
Unst,  s^  according  to  Biot.  Bailj,  Beport  on  Penduhim  Eipenmeota,  in 
the  Memoira  of  the  Rojal  Aiti.  Sodely,  Vol,  tu.  p.  9B  ^  alao  Borenine,  in 
the  BulHia  de  I'Acad.  de  St.-F^tenlioug,  1813,  T.  i.  p.  25,  Tlie  brA 
proposal  to  adopt  the  length  of  the  pendolom  ai  a  atandard  of  meaanre,  and 
to  estaUiah  the  third  part  of  the  aeconda  pendnlum  (rappoied  to  be  enrj 
where  of  equal  length]  u  a  pet  ktmonruu, — th*  nuMore  of  a  nnitj  which 
might  be  recuvered  at  an;  futuit  (ge  of  the  auth,  and  bj  nationi  dwelling  on 
aoj  part  of  ita  snrtace,  ia  tinnd  ia  Hi^gaia'  Hinidapnm  oacdUatoriam,  L8T3, 
Prop.  35.  In  1742,  the  aame  wiih  wh  pnUi^  eMODwd  in  an  nucriptiQn 
on  a  monoment  erected  at  the  equitor  bj  Bongner,  La  Condamine,  and  Godin. 
\  On  a  haodaome  marble  tablet,  which  I  hare  aeeu  nnii^ored  in  the  oLl  leaaS^ 
Sollf^  at  Quiti;^  it  ia  nid ; — "  Foidali  limplicia  cqimwctialia  onta  ninnti 
I  VOL.  I  2  B 
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•eoondi  arclietfpnB,  menninE  natonlu  eiempliT,  utiium  naiTergiiHa  t"  ftm 
what  Lb  Condunine  haa  s^d,  in  hii  Joom&l  da  Voyage  &  rBqiuteiir,  17^1. 
p.  1S3,  respecting  porta  of  the  inscription  which  an  sot  filled  up,  and  adif- 
fercnce  between  Boagner  and  himself  about  the  numbera,  I  had  ei>iqectared 
that  I  ahotild  find  considerable  diacrepanc;  hetireeD  the  tablet  and  the  ioaraip- 
tion  Bs  published  in  Paris ;  but,  after  a  earefol  eomparison,  I  diaeovered  odIj 
two  discrepancies  of  little  importance, — "ex  arcu  grtuluun  3J,"  instead  of 
"tx  area  gradnvm  pliu  ^am  Iriumi"  and  the  date  of  "1745,"  inatead  ol 
"1743."  The  date  of  1745  ia  aiognlai',  because  La  Condamine  retomed  to 
Europe  in  1741,  Bonguer  in  June  of  Uie  same  year,  and  Golin  left  Sontk 
America  in  July  1744.  The  moat  necessary  and  nsefol  smeudiaeTit  of  the 
nomben  of  the  inscription  would  hare  been  tha  aatrooontical  longitude  at 
Qoito.  (Humboldt,  Beeuea  d'Observ.  a9tron.T.  ii.  pp.  319— 354.>  Nonet's 
latitudes,  engraved  on  Egyptian  monnmcnta,  offer  a  more  recent  example  at 
tjie  danger  of  perpetualing,  thus  solemnly,  enoneooi  ac  imperfectly  computed 

C^  p.  16S, — On  the  increased  intensity  of  graTitatiQn  in  volcanic  iatandi 
^t.  Helena,  Urlsn,  Fernando  de  Noronha,  Isle  of  Frauce,  Qnam,  Howi,  and 
the  Oalapagos),  Rawak  (Lutko.  p.  SIO)  being  an  eiception,  perhaps,  on 
aeoonut  of  its  proiimiCy  to  the  htgli  land  of  New  Guinea,  see  MatMeu,  i> 
Ddambre,  Hist,  de  rAstronomie  au  13"  sifcle,  p.  701- 

plie  fact  of  the  increased  intensity  of  gravitation  in  volcanic  islands  waa, 
I  beUere,  first  made  known  by  myself  (Pendulom  Eiperiments,  1825,  pp. 
2S7~~841),  as  the  results  d  my  own  eiperiments  at  the  islands  of  Ascensm 
and  of  St.  Thonuu  (in  the  gnlph  of  Guinea),  and  at  other  stationi  of 
jiifereut  geological  character.  The  compsrison  of  (be  whole  series  fnmidud 
a  numerical  scale  of  local  infinence  in  which  the  volcanic  islands  of  AseeosioB 
and  Sc,  Thomas  occupied  the  higher  eitj'emity,  and  stations  of  alluvial  sinl 
and  sand  the  lower  cilrenuty,  whilst  the  intermediate  gradations  of  loeal 
influence  were  seen  to  correspond  in  a  remarkable  manner  with  the  density  gt 
the  snperficial  strata.  "  The  scale  afforded  by  the  pendulnm  for  meaanrii^ 
the  iutenaities  of  locol  attraction  appears  to  be  sufficiently  eitenaive  to  render 
it  an  instmmcnt  of  posaibls  utility  in  inqniriea  of  a  purely  geological  nature. 
It  has  been  seen  that  the  rate  of  a  pendulum  may  be  ascertained  with  profa 
eare  to  a  tingle  l«n(b  of  a  second  per  diem ;  whilst  the  variadon  of  rate  ocw. 
lioned  by  the  geolc^csl  character  of  stations  has  amounted  in  (utreme  easa 
to  nearly  ten  seconds  per  diem  :  a  scale  of  100  detenninsble  parts  is  thv 
■Ciivdied  in  which  tlie  local  attraction  dependent  on  the  geological  accidfiiti    I 


■aftf  be  eatinnUiL'*  (Fend,  Eip.p.  Sil.)  TliamoiEfroniwliiditbUiiuags 
Is  tsken  «raa  publiibed  beture  M.  Hithisa's  notice  in  Bekmbre's  Hutwj  ot 
AirtroDcm]',  md  ii  nfened  to  bf  IL  Uathua  in  the  pus^  to  ohick  H.  d* 
Smnboldt  lUodM. — Editob.] 

C*)  p.  1(8. — Nnmeroni  obKmtioDi  ilww  grot  in^nUritin  in  Ibt 
length  of  die  pcndDlammEoatinentalu  well  u  in  iniukr  and  littonl  loofi. 
•aea,  md  irhidi  an  also  aicribed  to  local  attroc^on.  (DeUmbn^  UfaoTB  do 
la  Meridisnite,  T.  iii.  p.  MS;  Biot,  M^m.  da  fAodenue  dcs  Sdencea, 
1B29,  T.  Tiii.  pp.  18  and  23.  Tn  orouing  the  aoolh  <4  France  and  Lombardy 
fi-om  weat  to  eut,  we  finl  ■  niiiiimiim  irf  intraaiCj  oF  graiitatioa  at  Bordeaux 
thence  it  iucreues  apiHj  it  the  toon  miteni  itatioiw  oC  Fig^ac,  CQermont- 
Femnd,  MIIbii,  and  Fadna,  at  itbich  laat  eitf  it  readiea  a  maiimiun.  In 
the  opinion  of  Elie  de  Beaumaot  (Reeberclua  mr  lea  B^olntiona  de  U 
Snrbce  da  Qlobe,  1830,  p.  729),  Uie  inflaeiie*  of  the- Alps  on  the  Tariatiani 
of  grsiitalion  on  their  eouthem  tide  ii  not  tlooe  to  be  ascribed  to  thur 
mase,  but  itill  more  to  the  rodci  of  mel^l^re  and  aerpentiiie  whicQi  have 
elevBted  the  chun.  On  the  dopB  of  Honnt  Amat  (which,  with  Caacaans, 
ma;  be  said  to  be  utoated  near  the  centre  of  gravit;  of  the  old  con- 
tinent, cotuiating  of  Enrope,  Asia,  and  A&its),  Fedorow'i  Jtrj  eiact  pen. 
dnlmD  eiperimenta  indicate  likewise  Che  preaEnee  of  dense  volcanic  masMS  in 
lieu  of  cavities  (Parrot,  Beiae  lam  Ararat,  Bd-ii.  S,  143).  In  the  geadrslcal 
operatioiu  of  Carlini  and  Plana  m  Lomhardj,  diBferencea  of  20"  to  47".8 
have  lieen  found  between  geodcaical  meaanrementa  and  the  direct  determi- 
natians  of  latitnde ;  see  the  inatsoccs  (rf  Audrate  and  Mondovi,  Milan  and 
Fadna,  in  Op^tions  g^odea.  et  aatron.  poor  la  mesnit  d'nn  arc  dn  paraime 
mo^en,  T.  ii.  p.  S4Ti  Effeneridi  astrciD.  di  Milaoo,  1S42,  p.  67.  It 
fi^wB  from  the  French  triangolation  that  the  latitude .  of  Milan,  dsdoeed 
from  that  of  Beroe,  is4B°  27'(2"i  whoeai  direct  istroaomical  observation 
l^rea  it  46°  27'  35".  As  the  pertorbafons  extend  in  the  plun  of  Lombardj 
to  Parma,  far  south  of  the  Po  (Plana,  Opitat.  g^od.  T.  ii.  p.  S47),  we  ma; 
^■ijectius  that  there  are  deflecting  eanlea  in  the  [dain  itself.  Strove  has 
met  with  the  same  anomaliea  in  tha  moat  lerd  part*  of  eastern  Enro^ 
(Schumacher,  Astr.  Nachr.  1830,  Nr.  164,  S.  699).  On  the  inflnenR  of 
dense  masses  snpposed  to  eriat  at  a  small  d^th  equal  to  the  mean  hnght  of 
the  chain  of  the  Atpg,  aee  the  analTtJesl  cipreiaiana  which  Hoasard  and  Rozet 
have  inserted  in  the  Comptes-itndiu^  T.  xviiL  1844,  p.  292,  and  compare 
than  with  Poisson,  Trait*  dt  M&antcpB  (2"  «.),  T.  i.  p.  482.  Tbt 
ff^liwj:  ^inti^*M  of  iho  iftfliiwi**  which  roc^  of  difflpent  l^ida  might  eiouaa 
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OQ  the  nbntioiu  of  the  pendnlnni  wen  giran  b7  Thomas  Tonng,  id  tbs  M 
Tnna.  Gir  1819,  pp.  TO — SB.  Bat  in  drawing  conclniiom  &om  the  loigti 
of  the  pendalniii  lelitiTelj  to  the  onmture  of  the  eutli,  it  ongbt  not  to  k 
overlooked  that  the  emA  of  the  earth  may  poniblj  have  bem  hardened  pi» 
VMos  to  DUitillio  and  dense  bnUio  muMS  luving  penetrated  ban  gnil 
deptha  throng  open  ohamida  aod  eldta,  and  ^poached  the  nufaee. 
<^  p.  158.— Laplace,  Eipoi.  da  STitima  da  Honde,  p.  281. 
C")  p.  ISO. — La  CaiUe's  pendnlnm  eiperimenti  at  the  Cape  of  Good  Hop^ 
which  Mathieu  hw  calculated  irith  grot  eare  (Delambre,  Hirt.  de  I'Astr.  m 
1S>*  siide,  p.  479),  fin  an  dlipticity  o(|FTi'S>  f"*"'^  lereral  eompuisoni  cf 
observHtiong  in  equal  Utitadea  in  the  two  hemiaphcrea  (New  Holland  and  Ibc 
Falkland  TalBOda  compared  with  Barcelona,  New  York,  and  Daukirk),  thens 
«  ;et  no  gronnd  for  aappoaing  Uie  mean  ellipticdt;  of  the  aoathcm  hemiFphtn 
to  be  greater  than  that  of  the  northern  (Biot,  in  the  Hem.  de  I'Acad.  di* 
Sdeneea,  T.  niL  1829,  pp.  89—41). 

C")  p.  1S9. — llLethreeinethodsofobaerTationgiveUiefdlowiiigrenilta: — 
let,  from  the  deflection  of  the  plomb-line  b;  the  proiinut;  of  the  SchehaDio 
HaimtBin  (Gaelic,  Tliichallin),  in  Perthshire,  4'71S,  resulting  from  the  eipe- 
rimenta  of  Maskelyne,  Hutton,  andPUybiir,  1774 — ITTSand  ISIO)  accordiag 
to  B  method  which  had  been  propoeed  by  Newton ;  2d,  b;  pendnliun  vihri- 
tions  on  a  monntain,  4'887  (Cariini'a  obaervktiana  on  Monnt  Cenia  compartd 
with  Biot'a  abaemtiona  at  Bordeaoi,  ESemer.aatr.di  UHana,  1824,  p.  184); 
E<1,  t?  the  balance  of  toiaion  in  Caiendiali'a  rapcrimenta  with  an  appantia 
DrighuU;  devised  bj  Mitchell,  E'48 ;  or,  acoording  to  Hntton'g  rerinon  d 
the  calculation,  6Si,  or  Edoard  Schjiadt'a  retiaion,  S-52  (Lebrboch  der 
math.  Geographie,  Bd.  i.  S.  437] ;  by  the  balance  of  torsion  in  Beich'a  eipc- 
limenti,  S'44.  In  the  calculation  of  these  eiperimeuta  of  Profesaor  Back, 
Hi'hich  area  model  of  dactnna,  the  original  mean  result  (having  a  |Kvbabla 
(.-rror  of  only  0-02S3)  wu  5'43 ;  which,  being  inocaaad  by  the  qnantity  tf 
rhich  the  eentrifagal  force  of  the  csith  HiminUTiM,  the  ftoce  of  graii^  fi> 
(he  latitode  of  Preibe^  (50°  550  becomca  5-44.  Hie  em^oymcnt  of  mum 
of  caat  iron  inatead  of  lead  has  not  ahewn  any  aenable  difference,  M*  none  wUd 
ia  not  well  within  the  limits  of  observation  error,  diacloaiDg  therefore  no  tracea 
of  m^etic  influence  (Reich,  VersDchc  iiber  die  mittlen  Dichtigkeit  dcr  Erd^ 
1838,  S.  60,  eS,  nod  68).  By  the  aasomptioa  of  too  small  an  ^ptidt; 
Tt  the  earth  in  the  calcoktiona,  and  hy  the  difBcidty  of  forming  a  eami 
estimate  cJ  the  dennty  of  roeka  on  the  aur&ce,  the  mean  denaily  of  the  eart^ 
{twiODlly  deduced  from  the  experimenta  tm  or  near  monntaina,  ^peared  ^  In 


■nan,  vie.  4-TOl  (UpltM,  Micaniqiie  oOate,  T.  t.  ■p.  46,)  or  47BS  (Ediura 
Schmidt,  LebA.  der  niidi.  Geog.  Bd.  i.  f  SB7  imd41S).  On  Hilley'a  hn")- 
tfaeais  of  tb/c  taiOi  boDg  b  IkAow  sphcn,  lUuilcd  to  in  the  tidlowiag  page, 
t.auil  wliidi  «*B  til*  gem  or  Fiuklin'i  notiou  lespeding  carthqoekei),  i>c« 
Phil.  Taut,  tar  dm  jea  1093,  Vol  irlL  p.  663.  "  On  the  >tTUEtuFe  at  tha 
iutenulputiof  Uweuth,  wd  tkecoBOVBh*bil«du«h<irtlLeibcll." 

^Cariini'l  tetait,  bf  tiu  Kcond  method  noticed  hj  H.  de  Ilumboldt,  leqiiini 

«  coneciioD  which  lu»  not  irB^  been  ^plied  to  it,  uid  which  would  irobabi; 

alter  it  coiuiderably ;   mrndjr,  fin  the  fntc  lediution  to  ■  Tacnum  of  the 

vibratjona  nf  tiie  peDdulmn  obaentd  at  Bardnm  taiA  on  Hont  Ceaii.    Tha 

bright  ibove  the  an  o[  the  itation  it  Mont  Ceois  wu  6374  Ei^iah  feet ;  snd 

the  diSerence  in  tlie  denat;  of  &t  air,  in  which  the  peudulnm  was  Tifarnted  it 

the  two  atitiooB,  mut  hive  been  quite  aoffideut  to  occsuod  a  tcit  teniibte 

error  in  the  difference  in  the  lengths  of  the  reapcctiTe  pendnlnma  computet 

by  the  mode  of  ndoetion  praetiaed  before  Besael'i  diBCovcrj,  aOndad  to 

in  page  36  at  the  leit  of  Coamoa,  wu  made.    Tha  pendnlam  empli^ed  bj 

Ceriini  waa  that  at  Biot  <with  few  but  valnablB  modificaliona] ;   and  the 

troe  reducti<«  to  a  TBcanm  Ibc  peodnlmna  of  that  deacription  baa  not  jet  been 

espcrimeutallj  iuvealigited.    Aa  an  inatmmait  for  aacertaining  the  density 

of  the  earth,  tb«  pendulum  ia  ao  much  inferior  to  the  tonion-balanee  employed 

by  Cavendiah  uid  Heidi,  and  atill  m<»e  recently  by  Baily  (whoae  reanlta  do 

not  appear  to  hare  been  known  to  H.  ^  Humboldt  when  thli  Tolume  of 

Coamoa  wa*  publiahed),  that  if  tlie  tme  reduction  to  a  vacnom  at  Biofa 

peuduliun  weie  required  only  for  the  eanedion  of  the  mean  deniity  of  the  earth 

derived  &om  the  ei|ierimeuta  on  Hont  Cmia,  it  might  not  be  worth  whUe  to 

.  ojulertale  ita  determinaUon  :  hut  it  ahonld  not  be  fbi^otten  that,  notil  anch  a 

determination  haa  been  made,  the  tine  reanlta  ot  the  laborioua  eiperimenta  by 

wfaieh  M.  Biot  himaelf  acinght  to  aaceitaiii  the  length  of  the  aeconda  peaduloni 

at  Faria,  and  at  tariaaa  other  atatiooa  ii  Fiance  and  elaewbeie,  are  unknown  i 

there  can  be  little  doubt  tlkat  the  aimliitt  kngtha  compnled  at  the  time  will 

have  to  receive  very  large  eometiana ;  and  Uuwgh  the  relative  lengtha  will 

certainly  be  lesa  aerioualy  afieded,  they  may  be  altered  to  a  di^ree  which 

may  iuBueuce,  in  part  at  leiat,  the  eondnaionB  which  H.  de  Hnmboldt  haa 

dniHH  iu  Note  133,  receding  the  variaMona  of  gravity  in  the  Sooth  of 

JfrtoEc — Editol.] 

C^  p.  162.— To  theae  bdong  the  eicellent  analytiaal  inveatigatiana  of 
Fourier,  Biot,  Lnplto^  Foiaaon,  Dnhamel,  and  ]>nie,  Foiaaon,  in  Ma  work 
entitled  "  Huoiie  mathftiiatiipe  de  1*  Chaleni,"  18SE,  p.  S,  4iS— «S0, 430^ 


and  5S1 — BM  (aea  ilao  the  eitnut  which  de  la  Him  hu  made  k  flie  "  ^k 
liotliiqne  muTcnelle  de  Gentve,"  T.  li.  p.  415),  ]u9  devdnped  an  hTxiothcv 
wball;  dUTennt  Erom  Fonrier'a  Tiem ;  "  Thforie  analyUqoe  de  !a  Chaleor." 
]Pai«nindemeiUu  actual  fluidity  of  the  interior  of  the  Earth;  hethioks  "that 
fn  the  procew  of  oooling  by  radiation  to  the  medinio  enrroimiliiig  the  earth,  tba 
paitidea  wbirh  were  fint  aolidifiad  at  tile  antbce  sunk,  and  that  hy  a  double 
raneitt,  deacending  and  aweoding,  the  great  ineqnality  was  diminislied  irbidi 
muld  othenriBC  lake  place  in  a  xdid  hudf  cooliug  frDm  ita  surface."  It 
wemed  to  this  great  geometer  more  probable  tbnt  the  soUdiliciitiaii  should 
haTB  b^nn  in  the  strata  neu«r  the  center ;  "  that  the  phEcuomeaon  of  the 
temperatnn  inereaaii^  with  increasing  dq>th  does  not  extend  to  the  whole 
aais  of  Qie  Earth,  and  ig  mereljr  a  coneeqneace  of  the  movement  of  ooi 
planetary  eyaloa  in  space,  of  which  Eome  parte  are  of  very  different  tempen- 
tnre  from  others,  by  reason  of  atdlar  heat  (cludear  steliaire)."  Iluts,  accord- 
ing to  PiHsaon's  Tiews,  the  warmth  of  the  wat«n  in  oor  Artedan  wella  would 
be  merely  a  warmth  which  had  penetrated  into  the  Earth  fhim  without ;  nnd 
"  the  earth  itself  might  be  compared  lo  a  mus  of  rock  eonreyed  from  tiie 
.  equator  to  the  pole  »a  rapidly  aa  not  to  hne  entirely  cooled.  The  increaee  of 
temperatnre  in  sudi  a  block  from  the  anrface  iowarda  would  not  extend  to  iti 
eentei."  The  phyaical  donbte  which  have  been  justly  raised  agsinst  this  no* 
gnlar  coamical  view  (attrihntiig  to  the  regions  of  space  that  which  i«  better 
nplained  by  the  transition  from  a  primitive  gaaeoua  to  ■  aolid  state)  wiU  ha 
&innd  collected  in  Poggendorff's  Annalen,  Bd.  mil.  S.  S3~-100. 

0*^  p.  163. — The  increase  of  temperatnre  has  been  found  in  the  Pnits  de 
Crenelle  at  Paris  to  be  1°  C.  for  98.4  (101.9  Ei^.)  ieBt;  in  the  mine  at  Neo- 
Salznerk,  near  Hinden  in  Fnssis,  tor  nearly  91  (ST.O  Eng.)  feet;  and,  so 
cording  to  Angnste  de  la  Bive  and  Harcet,  the  same  (n;.  1°  C.  for  91  Frenrh  feet 
at  Pregny  near  Geneva,  elthuogb  the  month  is  sitnaled  ISIO  (1609  Eng.)  feet 
■bore  the  levd  of  the  eea.  The  agreement  between  He  results  derived  by 
*  method  first  proposed  by  Ango,  in  1821  (Aonnaire,  1835,  p.  234),  fiora 
mines  that  are  aevendly  1683  (1791  Eng,)  feet,  S094  (2333  Eng.)  feel,  and 
080  (TS5  Eug.)  feet,  in  absolute  depth,  is  remiricable.  It  is  probable  that 
if  there  are  two  points  on  the  Euth'a  snriace  utuated  at  a  amall  lertieal 
distance  above  eack  othn,  whose  annual  mean  temperatDies  are  exactly  delfz- 
Mined,  Qtes  are  to  be  fboud  at  the  Peris  Observatory,  where  the  mean  tem- 
perature of  the  external  fir  is  I0°.S2S  C.  (Gl°.t8  ¥.),  and  of  the  Qivia  de 
rObaervatoire  ll'.SSl  C.  (53°.8  P.)  j  the  difftrence  being  i'.012  (I'.S  F.)  (br 
SS  metres  (91.9  EngUsh  ^.    Fdiaon,  Theorie  matn.d  Is  ChaleuT,  p.   U 
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•nd  462.  Id  tliBconnaar  tiwiHt  17]'etf^ftomK>Bift  enMiAickLMBiit 
been  completely  ucciiiJDeil,  the  indications  of  the  ]ama  titermometec  htm 
increased  0°.220 ;  but  thii  prabablf  is  not  doe  to  en;  ictuil  incnBie  in  tha 
^nersl  temperature  of  the  carea.  Remits  ohtiioed  b;  metui  of  Artesian  irellt 
are,  iudeal,  liable  to  error,  from  iuSUrition,  or  bom  peuetration  from  litcnl 
ercvice< ;  but  current!  of  cold  air,  and  other  circnnut.iucra,  are  itill  mon 
iqjiiriouB  to  the  Bcr.iu-nif  of  the  nun;  laboriom  eerlci  ot  olraervHtioni  that  hare 
been  made  in  mines.  Tlie  geiiPral  result  of  Rtii'h's  eittiiaive  eigmiaatian 
into  tiie  tcmpcnlurc  of  the  lulnes  in  Siiooj,  ffvei  a  lometvliBt  aloirer  in> 
creese  of  the  Urrostrijl  hrat,  or  1°  C.  to  41.8*  metrei  (l"  F.  to  TS.26  £u^ii]i 
feet) — R^ieh.  Btob,  iilicr  die  Tcmperatnr  del  Gesteiua  in  TersrMedmeA 
Tiefen,  1631,  S.  134).  PhiHips,  hoircvcr,  found,  ii)  the  eoal  mine  of  Honk- 
wearmouth  near  Kcwcistle,  in  wliich,  as  I  have  already  remarked,  iroriiing* 
■re  CBiried  on  at  a  dqilh  of  OKtrly  1500  Eugliah  feet  below  the  level  of  the 
aea.  32.4  molrea,  or  106.8  Enpilish  feet  to  1°  C.  (1°  F.  to  B9.06  English  feet), 
a  result  almost  identical  with  tM  (onnd  b;  Anigo  &Ota  tlie  Piiila  de  Grcoelte 
(Poggend.  Ann.  Bd  iijlW.  S.  191). 

("■)  p.  Ifi5.— Bois*ingaid(,  Sur  la  Profondeur  i  Inqnelle  ae  fronve  h 
eooehe  de  Tcmpi'nluio  invariable  entre  les  Tiopiquei,  in  the  Auuoles  de 
Chiinie  et  de  nivsii|ue,  T.  iij.  18S3,  p.  225—24?. 

[The  obwrvDtiiina  of  Mr.  Caldreott  at  Trcvandmm  in  1842  aud  1843 
(Quetelet,  Climot  de  la  Beliilgnc,  p.  137,  et  Kq)  have 'shown  that  the  atratum 
oC  invariable  tenipiratute  is  not  alwaja  found  within  the  trojuc*  at  so  small  s 
depth.  AtTrevandrum,  stthedeplhotaii  !Etanrh  feet,  the  mean  temperature 
of  dilTereut  munlha,  intlead  of  Uing  constant,  nriea  u  mncli  as  S°  6'  Fah. ; 
and  the  curve  of  anuiud  Itinpcrattire  at  that  depth  eihibila  in  very  marked 
characters  two  maiima  correspon^iKg  to  the  double  pairage  of  the  ann  ova 
the  BMiith  of  Tievandrnm. — EniTOa.] 

0*^  p.  168,— Loplact,  Eip.  du  Sjst.  dn  Monde,  p.  229  ud  268;  M£ca> 
tiiqne  celeste,  T.  v,  p.  18  and  72.  It  should  be  remarked,  that  the  fiiiclion 
^fgth  of  a  cratcsiDial  dugree  of  the  mercnnal  thermometer,  given  in  the  teit 
■a  the  limit  of  the  pcnnaneney  of  the  temperature  of  the  globe  ainre  the  days  of 
Hipparchus,  rtrsla  on  the  snpposUioii  that  the  dilatation  from  beat  of  tbe  snb- 
Btmices  ot  ubich  the  Earth  ie  composed  is  equal  to  thot  of  glaaa,  or  nnlWinit^ 
for  1°  C.  Respoeting  this  hypothesis,  see  Arago,  Annuaiie  pour  18M, 
p.  177—100. 

P")  p.  167.— Winiam  Gilbert,  of  Colchester,  whom  GalQeo  entitled  "great 
to  »  degree  which  might  be  enncd,"  aoiJ,  "  Magnua  maguea  ipse  eat  glohw 
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tenetAru."  He  riffioukd  the  loadstone  raonntttins  vhich  Fr»e»rtoro,  Hie  grtJc 
cont<!mporti[7ofColuml)us,Hippi)«eil  to  eonstitnte  lie  magnelic  poles — "  rqt- 
eienJa  est  Tulgaris  opiuio  ia  montibna  magneticis  aut  rnpc  «!iqns  magnetic*, 
■lit  polo  phintaslico  a  polo  mondi  distaole."  Ho  aasnmed  the  deelinstion  of 
the  in.iguetic  neejlii  to  l»  invarioble  at  each  point  of  the  enrhce  of  the  Earth 
("  vari»lio  uaiiisciijiisquG  loci  constnng  est"] ;  and  eiplaincd  the  inllexiom  rf 
the  isojmoic  liiiea  liy  the  fonn  of  the  continents  and  the  relative  posilions  of 
the  Bea^basias,  which  etetciie  a  less  degree  of  masiirtie  force  than  Ihe  solid 
portbns  which  rise  above  (he  le-el  of  the  ocean  (Gilbert  de  Magnele,  ed.  1 633. 
p.  12,  88,  1S2,  »nd  IS5). 

('*')  p.  167. — Gaus9,  AUgemeine  Theorie  de*  EnlmngiietiBniiis,  in  deo 
Ilesidt*t«a  aus  den  Beob.  des  magnet.  Ver^ns,  1S3S,  f  41,  S.  5S.  Trani- 
laled  in  *'  Tajlor's  Scientifio  Memoirs,"  Vol.  ii.  P.  vi.  Art,  t. 

Q^  p.  168. — TTiere  are  also  pcrtuibationi  which  do  not  eilend  to  audi 
gnat  diitances,  and  of  which  Ihe  caates  are  more  local,  and  are  seated,  per- 
haps, at  tees  depths,  I  made  known,  some  jeers  ago,  a  rare  inetance  of  thii 
kiud,  in  which  the  diaturblmce  manifested  ilaelf  in  Ihe  I^Veiberg  mines,  but  not 
at  Berlin.  (Lettre  de  M.  de  Hnmboldt  &  S.  A.  B.  1e  D>ic  de  Snasei  sur  Its 
moyena  proprei  L  perfectiouier  la  coDnaiasance  dn  magnetisme  terrestn^ 
published  ia  Becqnerel's  Traite'  ciperimental  de  I'eleolricitc,  T.  rii.  p.  442). 
Magnelie  ttormi,  which  nere  felt  simullBoeonBlj  boia  Sicily  to  Upaala.  did 
not  eitend  from  Upiala  to  Allen  (Gansa  and  Weber,  Resultate  dea  Magnet 
Vereins,  1889,  S.  138 ;  Llojd,  in  the  Comptes-rendos  de  I'Academie  da 
Scieneos,  T.  liiL  1843,  Sem.  ii.  pp.  725  and  827).  Amongst  the  nmncrooa 
•ud  recent  eiamples  of  distnrhances  eitcnding  nmoltaneoaslf  over  wide  ptr. 
tioos  of  the  earth's  eiirface,  which  are  aaaembled  in  Sabine's  important  urorii 
(Obaerr.  on  Dajs  of  UatiSDal  Magnetie  Diitarbane^  1S43),  one  of  the  raoat 
memorable  ia  that  of  September  26, 1841,  which  was  oheened  at  Torooto  it 
Canada,  at  the  Cape  of  Good  Hope,  at  Prague,  and  partiallj  al  Van  Dianea 
Island.  The  EngUah  obseiralories  anspend  their  opetslions  on  Saadajs,  an^ 
owing  to  the  difference  of  longitude,  the  midnight  of  Satnrday  tooli  place  at 
Van  Diemen  Island  boob  after  the  commencement  of  the  distorhance,  of  whic^ 
probably,  the  greater  portion  thus  escaped  obaervalion. 

Cllie  disturbance  of  Sept.  24(h  and  35th  appears  also  to  hare  erUnded  Is 
Macao  (Riil.  Trana.  1843,  p.  ISS) ;  and  it  is  worth;  of  remark  that,  fixm  Sa 
Jldward  Beleher*!  (riuervationB,  it  may  be  inferred  that  Qie  iutcnaity  of  tha 
horiziuilal  force  was  increased  at  Hkm>  at  the  same  hoora  idien  it  «h 

iliininiaha^  elsSWhera. EllITaB.] 

—  :'. CdOglc 


(■^  f.  168,-^  ban  daoibed,  in  the  lonnd  de  Ph^nqDe  of  loiuAhwM 
<1S04,  T.  lii.  p.  419),  the  i^i^ication  of  Uie  nugoetie  luclinitioa  to  detetw 
mioatknu  of  latitade  aloi^  ■  cout  nmaing  north  md  wutli,  iind,  like  Oai  of 
Chili  and  Pern,  eotutuitly  •UTeloped  b;  m'jt  (faruaj  during  put  of  th* 
year.  In  the  poiticolar  locality  aUnded  to,  this  ipplieatiou  u  tlie  more 
^witioally  important,  bj  Teascm  of  the  stroog  loatberlj  em-reut,  el> 
tending  to  C&pe  Fuifia,  whidi  caiuea  great  loea  of  time  to  nsvigaton.  who 
htm  iDkdntlentlf  paaaed  to  ths  north  of  the  latitude  of  the  port  to  whick 
tbaj  ire  boond.  In  the  Paeifio,  ftom  Callao  to  TruiiUo,  I  have  foond, 
for  ■  diffeicDce  of  htitode  of  S°  67',  a  change  of  Indiimtioa  of  S°  1 ;  ml 
from  Ceilao  to  Chufaqnil,  tat  »  change  of  latitnde  of  9°  SO',  a  change  c4 
lodimtun  of  atfJ]  (lUlatian  M^toriqne,  T.  iiL  p.  62S).  At  Guarm^  (lat 
10°  e  S.),  Hnanni  (lat.  11'  8'  3.).  and  Chancay  (W.  11°  320.  the  Inclination* 
were  Tespeetiiely:— 6°.l,  ^.l,  and  tf*J.  The  determination  of  the  ship'a 
place  I7  means  of  the  magnetic  Inclinstian,  when  her  course  ne«^ 
interaecti  the  isoclinal  lines  at  right  angles,  is  distinguished  from  all  other 
methods  tt;  its  indqiendence  of  the  time  of  the  day,  and  b;  its  not,  thererora, 
requiring  the  light  of  any  of  the  heavenlj  bodies.  1  have  leiy  recencly 
leaiiied  that,  as  early  aa  the  end  of  tbe  riiteenlh  eentm;,  scarcely  twenty  years 
after  Robert  Norman  mvenled  an  Inchnatorium,  William  Gilbert  in  hii 
great  work  "  De  Magnete,"  proposed  the  determination  of  ktitodes  by  meana 
of  the  Inclination  of  the  magnetic  needle.  In  his  Fhyaiologia  uora  de  Magnt^ 
Lib.  T.  cap.  S,  p.  200,  he  extols  the  adranta^  of  this  method  in  thick  weatheri 
"aoecali^oso."  Edvrald  Wright,  in  the  preface  which  he  has  added  to  the 
work  of  hil  iUnstriouB  master,  sayi  th^  this  [ooposal  is  "  north  mudi  gold." 
Al  he  shared  Gilbert's  error  in  believii^  the  isoclinal  lines  t  j  be  parallel  ta 
the  geographical  equator,  he  did  not  peresve  that  the  method  is  only  appti* 
cable  in  particular  loealitiea. 

("•)  p.  163,— Gauas  and  Weber,  Kesultale  in  nuigneliBchen  Verdn^ 
im  i.  1S3S,  i  31,  S.  46. 

O*")  p.  16 S.— According  to  Faraday  (Landau  and  Edinburgh  Philosophical 
Magarine,  1838,  VoL  viii.  p.  178),  pure  cobalt  is  not  magnetic.  I  am  awar* 
'  (hat  other  diitingnished  chemists  (Heinrich  Rose  and  Wiilder)  do  not  eonuder 
this  a  settled  point ;  but  it  appears  to  me  that  if  ane  of  two  earefally-purified 
masses  of  cobalt,  both  euppoaed  to  be  free  from  any  alloy  of  niilel,  is  fannd  lo  be 
non-nmgnetic.  it  is  probable  that  the  magnetism  shenn  in  the  other  mass  is  dnl 
lo  a  want  of  purity ;  and  I  uu  inclined,  therefore,  to  beliew  Faradi^'s  »)«» 
lo  be  the  more  correct. 
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(^  p.  lee.— Ango,  !n  t!«  Amnio  ie  Chimie,  T.  niil.  p.  214  ;  Brewita^ 
TreriuG  on  Mignetism,  1S37,  p.  Ill ;  Buunij^Uis',  in  t!ie  Zeitscliiift  tb 
I'kja.  and  MBthem.  Bl.  i[.  S.  419. 

("■)  p.  1S9. — Humboldt,  EumcD  niliqae  de  I'Hut.  la  la  GeognjAi^ 

T.  iii.  p.  SB 

("^  p.  I6e.— Aaie  cent.  T.  L  Introfluction,  p.  mvii.-'ilii.  The  wetten 
utioiu,  the  Greeks  and  the  Bonuns,  knen  tbat  magnctlBm  could  be  iiiipuied 
ferwuoKtdlg  to  iron — ("  IoIb  htcc  mutetia  ferri,  yiraa  i  m^ets  lapide  acdjiit 
lelinetqae  longo  lew^are,"  ITiD.  niii.  14.)  The  groat  discovery  of  Ihs 
Mrtb's  directiTO  force  Kou'd,  therefore,  also  Lbtc  been  msde  in  the  w«^  if 
ai^  one  had  aetidentilj  oburvtd  a  fragment  of  loadjlone  more  long  thia 
broad,  or  a  magnetiaei  bar  of  inm  anapeaded  bv  a  thread,  or  floating  freelf  am 
the  snrbce  of  water  on  a  wooden  supjiort 

C**)  p.  170. — Topographical  uircejB,  made  solely  by  compels,  and  without 
anj  proTision  for  oorrcctions  for  chongee  of  terreBtrisl  maguetism,  cannot  M 
ultimatelj  to  produce  great  oonfuiion  in  the  boDudoiy  lines  between  difisml 
properties,  eiccpting  in  those  parts  of  the  earth  where  the  magnetic  declina- 
tion is  eitJier  invariable,  or  at  least  is  subject  onl;  to  eicecdingly  small  secnlai 
changes.  Sir  John  Heracbel  >a;s,  "The  while  mass  of  West  India  propeitj 
has  been  saved  &om  the  bottomless  pit  of  endless  litigation  b;  the  invuiabilitj 
of  the  magnetic  declination  in  Jamaica  and  the  surrounding  archipelago,  daring 
the  whole  of  the  last  cEotniy,  all  surreys  of  property  there  having  been  eon- 
ducted  solel;  by  the  compaaa.  Compare  Robertson,  in  the  Fhil.  Trans,  br 
ISOfi,  Part  ii.  p.  34S,  on  the  pcimanenc;  of  the  compass  in  Jamaica  since 
1660.  In  the  moth»  country  (England),  thema^etic  declinatian  has  alleied 
during  the  same  period  fuUj  14°. 

0")  p.  171. — I  have  shewn  elaewhere  that  the  docnments  of  Colnmbns's 
mjafft  which  have  come  down  to  ue,  gire,  with  much  certainty,  thna 
detaminstionsofpoints  in  the  Atlantic  line  ofno  declination  for  September  13, 
149%  May  21, 1495,  and  Augnat  16,  UgS.  The  direction  of  this  cnnc  wm 
at  that  time  from  N.E.  to  S.W.;  end  it  touched  the  continent  of  SauCti 
America,  a  little  to  the  east  of  Cape  Codera,  instead  oi;  as  at  present,  in  the 
norOiem  pvt  of  Brazil,  (Biamen  critique  de  rhistoire  de  la  Beogiaphie,  T.  ilL 
pp.44 — 48).  We  learn  from  Gilbert's  Pbjsiologia  nova  da  Magnate,ljb.  ii. 
cap.  L  the  remarkable  fact  that,  i.ith  year  1600,  aa  in  the  time  of  Coliunbu, 
the  magnetic  neejle  had  scaicely  any  declination  in  the  i  icinitj  of  the  Aiams.  I 
think  that  I  have  shewn  satis  aotorilj,  ftom  documentary  evideuce  (inmjEia' 
men  critiqae,  T.  iii.  p.  B4),  that  (he  fomons  line  of  domsrcation  by  whidi  Pi^ 
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.AJemder  TI.  AriM  Oe  mriats  WoiiqplMre  bctweBa  9p«in  Md  Twtngil. 
iras  not  dnm  lhrou|^  tbs  wotsraaKKt  ^  tiie  grmi)  of  ths  Aii»m,  beoon 
Oolambo)  wm  deairoui  of  canvertiiig  ■  fit/titml  into  m  fo&lieal  diiiHog.  Ha 
attached  great  importtDCO  to  the  une  (i^s],  "  in  wbuii  Uw  compaw  bbmm 
toahnTaBfnTBtioii.wlkBra  thf  air  and  the  lea  unmie  i  dbw  dunetra,  irtMf* 
tiie  ■■>  b  covBnd  with  weadi,  and  ntol  bneui  begin  to  bhiw,  and  whan  tba 
ibcmaf  the  Earth  i*  no  Ioiig«r  tb«  tame."  IIm  laat  toppMiiion  waa  anii^ 
ieraUB  from  aironconi  obmvation*  oC  tht  Fija  atar. 

Ci  ^  171.— It  ia  a  quition  of  the  higlitat  intoiat  towaida  the  acdntlM 
of  the  problem  of  tb«  pbfnttl  eaoMB  <a  terrartrial  mignctiMn,  whgtbn  tha 
two  naadabk  Qitema  of  eloaed  iaogmiie  cviea  will  OHitBBa  to  nora  (brwaid 
for  smtiaice  to  oo£e,  (till  piaMrviBg  Ov»  doeed  fomi,  or  wbeUier  Abj  uSi 
open  out  and  loaa  Ihair  peculiar  eharaetar.  lu  the  Aaiatic  tjitcm,  the  dedina- 
tum  iniiTcasei  from  withoot  inwarda  i  in  (ke  Fa^fie  ■fatem,  tha  ctuitiu;  ii  the 
eaac;  no  line  of  do  dediuataon, — indeed,  no  line  below  2°  cait, — ii  now  known  ia 
tte  Pacific  to  tha  «ut  of  KaouehatlcB,  (Ennan,  in  P^gend.  AnnaleD,  Bd.  nL 
S.  120):  bntit  appears  that,  in  ISIS,  on  Eisler-da;,  Comelin*  Schontea 
finuid  no  decUnntion  ■  little  to  theB.E.  of  NokihivB,  in  15°  S.  let.  and  IBS* 
W.  long,  (from  PuiB),  and,  thererora,  in  the  middle  of  the  praaeut  doaad 
iy»t«m  (Hauiteea,  Megnttiamna  der  Erde,  1819,  8.  IS).  In  all  Uieae  aim. 
■deiB(ioD>itmnitnotbet}i8etten,that  wec«oont;tr»e(!thelia«D(magnfl(ia 
direction  and  force  in  their  pn^reaura  diaplacementa  b;  obucntioni  whidi 
(H  confined  to  th^  interaectvHi  wiUk  the  lot&oe  of  tha  Earth. 

C")  p.  172.— Arago,  Anniuin^  1S8S,  p.  SS4;  and  ISM,  pp.  SSO— BIS. 
<^  p.  172.— Gami,  AUgemmne  Thoorie  der  Erdmagoriiamiu,  f  81. 
0")  p.  172. — Dnperre;,  de  la  eoBflgaration  da  I'eqnatair  magn^fi^  ia 
&eAnDaletdeChimiB,T.itr.i^.S71andS7B;  alto  Morlet,  in  the  MenKdrea 
prtent£>  par  diim  lavaiu  i  I'Acal  So;,  das  Sdeceea,  T.  iiL  p.  1S2. 

("*)  p.  17s. — See,  in  Sabine'a  Contribatunu  to  Terreatrial  Magnetiim, 
ISIO,  p.  139,  the  ramirkable  map  of  the  iaodjual  linta  in  the  Atlantic  Ocean 
ttr  1826  aod  1SS7. 

(""}  p.  174.— Hnmboldt,  iiber  die  aeenlire  Tarandemug  der  magnatiuhen, 
Aiclinalioii,  in  Poggeud.  Annalen,  Bd.  n>.  S.  823. 

C^p.  174. — Qansa,  Be«iill*le  der  Beob.  dee  magn.  Verdiu  im  Jahr  ]  888j 
f  SI ;  Sabine*  Report  on  the  Variations  of  the  Magnetic  Intenait;,  p.  68. 

[The  progreai  of  inveatigation,  nnce  the  firat  Tolnmo  of  "  Coamoa"  waa 
written,  has  continued  to  confirm  the  opinion  eiprcBsed  b;  M.  de  Hnmboldt  in 
the  text  (p.  174),  that  in  reject  to  tha.theoij  ti  tcxreatrial  n 


ItBijvaa^  Una  xre  Uioas  fnim  iriildi  Qtt  moat  fcmtfal  letnlli  are  to  In  er> 
feotcd.  Kettarchea  into  the  unonnt  of  the  nugn^a  fbn»  at  diffbi^it  poiBti 
«r  the  eaitli'a  lurfsee,  aod  gra^diMal  repmtmMioaa  of  the  irtnlli  by  lina 
imm  thrcn^  th»  piHnta  when  the  fime  lus  an  eqaal  inteiunr,  haro  shown, 
that  then  an  two  bd  of  pointa  of  nuiiiDinii  torn  il  odi  hemiaplicac,  and 
miiMqiiait)r  fbnr  on  the  whole  niibee<f  the  globe.  Hu  iaodjnumc  Ikm 
which  aBlTOOBd  ndiofthatwa  poinli  of  muunnm  in  on  kemiiphere,  are  not 
drdea,  hnt  an  of  an  onte  finrn,  having  the  larger  axu  in  •  dimction  whud^ 
ifpcolonged,  woold  conDeot  the  two  ibd  by  the  ihortest  line,  oi  nearij  to,  wliici 
can  he  dmra  b<iweea  Uiem  on  the  mrbiB  of  the  ^be.  A*  the  ovali 
nicceauTdy  leceds  from  the  foeoa  they  eoireBpanil  la  weaker  and  weaktr 
degree)  tt  ^itve,  each  in  ita  bun  endanng  the  orali  at  higher  fnteadtj. 
"not  eontinnca  to  be  the  eaia  until  the  tiro  ifttema  at  orsls  encoonter  in  a 
point  iatemediate  betweeathe  tod:  the  iiodyntiHuo  QatwhidL  oorrcspondt 
to  the  force  at  this  pdnt  liaa  eonieqaently  the  tona  of  a  flgnra  of  8,  each  of 
Iheloopsencloangafbciu  withHamtroaiulii^t  otda:  thi*  fbrm  ia  called  by 
geometriinani  a  lemniacatc  i  there  la  bnt  one  mA  iaodynamio  line  in  the 
citra-tropieal  part  <^  each  henusphere,  and  it  Mpentea  the  iaodjnamics  of 
IdghBr  inUnai^  than  itself  which  are  wilMn  the  ,loDpa,  eadt  tiuronnding  a 
dngle  point  otnninintun  only,  from  thoie  whidi  eoncqiaiid  to  weaker  dc^rea 
of  force  than  that  of  the  IcmniBcate,  and  ueeiteniv  to  ft:  aett  <rf  Un 
oterior  iaodynunica  aarronnd*  both  the  fod,  bat  wi&ont  meeting  oi  oroaainj 
iu  the  pdnt  between  Uiem:  tiidi  geiteral  form  ii  that  of  paiallclinn  with  the 
Bitenial  tlgnra  of  tbe  lemniacatt^  bnt  the  inflectwin  whidi  prodnoe  the  donblo 
bop  become  progreasiTelj  IcH  marked  in  the  iwdfuBmict  of  weakest  force. 

If  the  two  foci  in  an  hemiaphere  were  pointitrf  equal  Ibtve,  Uieonlaauri- 
nmi^g  end)  nould  be  aimilar  in  finee  and  are*,  and  the  pomt  at  whidi  tha 
two  qiBtema  would  encounter  each  other  wooU  be  half  way  between  the  ibci. 
Soch,  however,  docs  not  ^peia  to  be  the  case :  the  intend^  at  one  of  tho 
fbd  ia  grcsler  flum  at  tiie  other:  it  iaw  in  both  hemiaplterea,  and  the  ratio 
of  thelbtceat&e  major  and  minor  fbcoa  ^pean  to  be  neai^theaanu  in 
botL  Hie  fbcna  of  greater  Intend^  in  tha  N<ath(ni  hemisphere  ii  in  Nortb 
America,  where  ita  pDaitionhai  been  atecrtained,  by  a  recent  anrT^CDndnetcd 
by  Captun  Lefroy  of  the  Bi^al  (Britlth)  Artilleiy,  to  be  in  the  Tianilj  of 
the  S.W.  ihorea  of  Hudaon'a  Bay  in  G!f  of  latitade,  (Phil  Trana.  184S, 
Art.  irii).  The  weaker  fbcoi,  of  which  the  approdmale  podlion  baa  been  d» 
lennined  by  MM.  Haniteen,  Erman,  and  I>ne,  ii  in  the  north  of  Siberia 
■boat  120°  of  Eut  Inn^tode  from  GrcenwiciL  The  middle  of  the  lamniacal* 
•^wb  eocloui  bott^  or  the  point  liben  ita  loop*  ue  connected,  <fpean  to  be 


to.  the  Polu- Sn,  to  the  North  or  Korth  «ut  of  Bering'a  Stnit,  md  oM»eqanitlj 
nearer  to  the  Sibciini  Uun  to  the  AtDOkw  toon.  The  coneqxHidiiiB 
pluenomena  of  the  sontherD  hemiqihere  in  not  yet  delennined  with  u  eqo* 
preciaioa,  bat  Mpfoi  la  hne  the  amie  geoeral  chmcteriatica.  The  two  mtgor 
foei,  one  in  the  Dorthem,  the  other  in  the  nalhem  hanuphrae,  ue  not  M 
c^poMte  point!  of  tJM  ^be  to  eadi  other,  uor  are  the  two  minor  fod.  Sy» 
metrf  as  regards  geographical  distribntion  ii  alao  departed  from  in  another 
leapect:  thefbei  in  each  hemiqihen  an  net  aepaiated  from  each  other  bf  an 
aqua]  Damher  of  dcgreea  of  geogrqihkil  kagjtnde  j  they  are  nearer  to  each 
other  in  the  sontbem  than  in  Uu  noithem  hemiqihere. 

It  ii  veil  known  that  in  the  extra-tiD^cal  latitodea  of  Uw  nerthcm  hemi- 
Bphere,  the  Ibreea  which  attnet  tb«  north  end  of  a  magnet  (hi  called,  bwiiue 
m  the  greater  part  of  the  aceeuible  portjou  of  the  globe  it  ii  that  cmd 
of  the  magnet  which  ia  directed  lowarda  the  north),  and  repel  the  aoath 
end,  prepondenle ;  sod  that  eonvenely,  in  the  eitn-troidca]  parti  of  the 
•onthem  hemisphere,  the  Ibrcce  whieh  attract  the  tooth  end  and  repel  the 
Doitb.  predominate.  At  both  the  foci  of  the  northern  hemiapbere  the  j^e- 
dominuiFe  ia  of  the  forces  which  attract  the  north  end  and  npd  the  sooth ; 
and  at  both  the  fod  in  the  southern  hemisphere  the  eonveiM  is  the  aaM. 
The  line  which  aeperBtea  the  preponderance  of  the  northern  from  thai  of 
the  southern  attracting  force,  is  a  line  drann  tJiroogh  the  points  in  eadi 
meridian  of  tha  globe  where  the  intenait]'  of  the  force  ia  weakest  on  that 
meridian.  Etery  where  on  the  north  aide  of  this  Une  the  preponderance  of 
the  fi»ce  attracting  the  north  end  of  the  magnef,  and  repelling  the  sonth, 
increasea ;  and  every  where  on  the  sonti  side  of  the  line  the  preponderance 
of  the  fbree  attraeUng  the  south  end,  and  repelling  the  north,  increase*. 
His  line  is  not  one  of  thow  which  ha>  been  characterised  or  refm^  to 
by  M.  dc  Hnniboldt,  bnt  it  ia  an  important  one  in  the  view  which  it  enables 
na  to  take  of  the  magnetical  relationa  of  different  portions  of  the  globe, 
Its  inflections  are  varioos,  as  will  easily  be  imbued  when  it  is  eonsidered 
that  (hey  take  place  in  conformity  with  £irc«s  which  ptodnce  fonr  point* 
of  maiimum  on  the  snriice  of  the  globe  nnajnunetrically  distiibuled,  and 
alao  uneymmetrical  iq  respect  to  tiie  intensity  of  the  force  at  each.  ITie 
most  remartable  inflection  is  the  large  conveiitj  towards  the  sonth,  which 
advances  into  the  sontbem  Atlantic  nearfy  to  the  latitude  <rf  20°  S^  in 
consequence  of  the  wide  separation  which  raitta  in  that  quarter  between 
the  m^or  and  minor  fod  of  tlie  soolfiem  hemisfJien. 

The  meaaniement  of  tht  magnetic  force  in  parts  of  an  absolute  scale, 
su^ested  by  M.  Poisson,  and  brought  into  ose  by  M.  Gam,  baa  added  grtsilj 
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to  tlw  ntm  at  reieiKlui  on  hs  ttenabriil  mi^etie  tarn,  beeanae  the  d^ 

tenmqatioiu  which,  ub  now  nude  will  be  aompanUs  with  those  which  nuf 
be  mide  >t  fatun  qmehi.  The  unit  of  force  in  this  actde  is  that  smoimt  at 
Dugnetie  fori»  which,  (ctb;  on  Uu  nmt  of  IDUS  thlUDgh  the  imit  of  time,  gene- 
TBtN  in  it  the  nnit  of  Tehxnty .  Tildng  the  unite  n^Kctirel;,  ■>  k  giaiiL,  m 
moDi^  md  a  bot  in  British  maann^  the  ratio  of  tbs  force  at  the  DU||ar 
bcw  ia  Noilh  Amak>  determined  by  Captain  L^i^i  mmty  ii  13-9  -, 
•t  the  minar  faotu  In  Siberia  fram  Uie  Ohatantions  t^  HM.  Haniteea  tai 
I)D^Ui»13-3;  *nd*(St.IIe]en*,wliidiisMuljontiieliu:ofleiatint«Bri^, 
■nd  ■(  its  wealeat  part,  and  where  corsrqitevUj  the  fbrc«  is  neariy  a 
miDimnin  on  Qlt  am^m  <rf  the  globe,  ita  Talne  ia  6-4.  The  observalioni 
Mkle  in  Sir  Jamca  Claik  Bou'i  expcdilion,  referred  to  in  page  17G  of  the 
text,  and  winch  qipenr  to  ha>e  beea  made  nearlf  in  the  centre  of  the  Mghest 
iao4yDi<niia  oval,  give  IS'S  as  the  appnaiinato  value  of  the  force  at  the  m^or 
tocos  in  the  aonlhem  hemiaphrav ;  wbilit  the  obseivatioDS  of  the  mne 
TOfige  render  it  probsble  that  the  valne  at  tiie  minor  fbcna  does  not  much 
•teeed  or  much  bll  short  of  14'9,  which  is  in  the  same  ratio  to  15  S,  ■> 
13-3  to  18-9.  It  has  been  already  noticed  that  the  two  fod  are  nearer  to 
earh  other  in  the  lonCh  than  in  the  arath :  amnnung  the  general  diarge  of 
(be  two  magnetic  hemiBpheres  to  be  the  sam^  the  greater  proiimi^  of  the 
two  pointa  of  maiimnm  in  the  south  might  readily  be  im^noed  to  aug- 
ment the  fiwoe  at  both,  Khilat  in  the  appoeile  geographiisl  longitudes  of 
tiie  hemisphere  the  intensity  would  he  less  than  in  the  analt^ous  poaitiana 
in  the  north :  the  tBodynamic  maps  shew  that  such  ia  the  ea^e,  and  gira 
Rttoo  to  believe,  that  the  charge  of  tlio  tno  rnggoctic  hemispheres  m^ 
not  differ  in  the  aggr^ate,  although  the  distribiitiau  of  the  force  at  tha 
nir&ee  of  the  globe  is  not  XH-ecisely  um^Ior. 

The  view  which  we  are  now  enabled  to  take  of  the  mngnetic  ^tUm  if 
the  globe,  by  means  of  the  knowledge  which  we  have  acqniied  of  the  mag- 
Beto-dynomio  rariationa  at  its  surface,  furnishes  sn  explanation  of  many  leatmc* 
in  the  isoclinal  and  isogonia  lines  which  had  previously  occasioned  pet- 
{ileiity.  We  nan  percdve  why  the  higher  isoclinals  should  be  cllipHS 
instead  of  tnrdes,  and  nhy  th»e  should  he  inllections  at  opposite  points  id 
tte  ellipse  nearer  to  one  of  its  ettremitiea  than  to  the  other,  eaosing  lb* 
laodinal  line  to  re:>emble  in  its  general  form  a  curve  inclosing  a  lemnisat^ 
of  which  one  of  the  bops  ahould  be  Lugei  than  the  other.  This  remade 
ble  conformation  at  the  iaocHnal  linea  has  been  wall  described  by  Unaaa, 
in  Po^.  Ann.  dec  Fhys.  voL  iii.    We  now  see  also  a  confirmation  of  the 
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•ondtuion  irtuc]i  the  ngicitj  of  HbDcj  aubled  him  to  imr  maie  than 
150  years  ago  (Phil.  Tniu.  lfl8S,  No.  148,  p.  203),  tlut  tks  oompleiitr 
'  and  ■eeming  irn^aliritr  of  the  deolination  obaerf  ed  in  different  puti  of  Ik* 
earth  vera  dm  to  tunia  which  mnst  prodnce  two  poiiiU  of  gnatot  at- 
bactioD  in  eadi  hemispbm. 

The  interral  whieh  haa  eltipaed  dnea  the  phKnomeoa  of  the  nagnetia  foret 
IiKve  been  an  alqect  of  lUentioti,  hat  been  too  abort  to  admit  of  any  dirwt 
inference  being  drawn  m  regard  to  the  eSbct  of  nenUr  change  aa  t)w 
isodTiuunic  lines :  bnt  an  attentive  connderatian  of  featoRs  whidt  are  ob- 
viouslj  connected  with  each  other  in  the  Quee  ^ilems  of  detneotarf 
linea,  .confinna — «h*t  indeed  eoold  ecweely  ban  been  doubted — thit  atlerv 
tions  which  an  known  to  hare  taken  place  in  the  eouDgoration  and  fod. 
'  Han  tit  the  iiogonie  aad  iMdinal  Ihiea  in  the  last  two  and  half  centnriea, 
iMn  bcm  accompanied  by  eomoponding  eban^  in  the  Unea  of  equal  force. 
The  inflnenee  of  aecolar  change  appeal*  diieflf  to  tSeiA  the  portiona  of 
flie  iaodynamic  Mnea  which  an  moit  nearij  connected  with  the  two  minor 
Ibd :  from  eonridera^ni  which  need  not  be  particolariaed  bm,  tluae  fed 
appear  to  bate  maved  in  opposite  directions — tbe  Siberian  from  weet  to 
east,  and  the  nuaor  focns  in  the  tonth  from  test  to  wtat.  Ibe  remaiMde 
doaed  ^itenu  ctf  isogonic  linea  in  Siboia  and  in  tbe  aoaUi  FadE^  to  iAiA 
M.  de  Hnmbddt  hat  referred  in  page  171  of  tbe  teit,  and  in  note  IBS,  appear 
to  hare  nndcrgone  a  morement  of  tnuulation  in  tbe  game  directMnt  *•  tbe 
minor  fod.  The  S&Aagf  of  this  Mience  is  of  n  murkable  a  charada; 
fliat  it  aeenu  not  improbable  that  the  seenlar  diai^^  which  now  appMi 
to  na  the  moat  myBtciiona  branch  of  tbe  phenomena  pnHOttd  to  our  notk^ 
may  erentually  proTc  a  means  of  condocting  to  a  aolnlion  of  the  joqblem 
•f  bighcet  interest-^that  of  the  phyaieil  causes  of-terrestrisl  msgnetiam. 

AMiongb  it  is  scarcely  safe  to  antidpata  tbst  any  portion  of  phmranma 
mtj  h«  lees  deeoring  of  attention  than  another,  yet,  aa  H.  da  HmnboUt 
baa  iMUrked  that  meteondogy  mnit  aed  its  fbnndationi  and  itt  tAnaat 
bat  wtllfe  tbe  tropica,  becanse  tiie  phienomena  may  there  be  flawed  nndar  an 
aspect  of  leas  compleiity  than  elsewhere^ — so  the  eonTcrse  may  he  rmailed 
in  respect  to  magnetism ;  inaamnch  as  the  characteristin  of  tbe  magnetie 
Ijsteni  an  lege  distincUy  marked  within  tlie  ttopcs  Ihsn  in  the  higher 
lititudes,  and  the  inflnenees  of  the  two  bemispherca  are  so  blended  in  ^la 
inBeiions  of  the  mi^netio  Imcs  within  the  trojnes,  that  lo  nndentand  tliem 
it  is  necestuy  tohaTeaontinnsllypresentiatlieinind  thephamomenaof  botk 
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luniiqAeKa ;  and  it  i*  not  ihriT*  ouy  to  dueriiniiutf^  wfOiaiit  mncJi  palM 
eoiuidention,  to  ntaJBh  hmiuidien  a  puticnlir  eS^  k  doc. — BDrroK.]] 

{•^  p.lT«.— ThBfoUowiBguttehutoricdieeauatotthediacOTefTcra 
fanparteut  Um  ia  lamrthal  magnetiim,  tkd  of  the  general  inecewe  erf  Ik 
iDten>%  of  the  ibrce  with  tiw  incnMe  of  mignetio  lalitade.      Wlua,  ii 
ITSS,  I  wu  about  to  jom  Um  rapeditHMi  of  Csptam  Budin,  on  s  vojage  rf 
Bucomiiavigatiaik,  Borda,  who  took  a  warm  intoteat  in  mj  intended  -pioetiei- 
iiigi,  propoMd  to  me  to  obsene,  in  different  latitudes  aud  both  hemiE^ben^ 
the  oadllaiiona  in  a  mtieal  plana  of  a  needk  moring  free);  in  43ie  nagnelit 
meridian,  fbr  the  purpoia  of  waiwiniiig  whether  liie  magnetic  fbiee  *<uied,  <r 
vaa  eiei;  where  the  nine.    In  n^  robseqaent  TOjage  to  the  eqninocbit 
n^pona,  thia  inveitigatioQ  formed  one  of  the  principal  ohjeota  which  I  had  ia 
Tie*.    I  obMtred  Uk  wine  needlt  perltHin  in  ten  ntimitee,  at  Paris,  245  oaeilla- 
tionai  at  Haranna,  S46 1  at  Mexico,  S4B ;  at  San  Cailoa  de]  Bio Negra  (Ut  1* 
5S'N.,loDg.S0°40'W,&omFaii>}ElS;  on  Ub  magnetic  equator,  or  on  the 
line  whoe  the  indinalwD  -^  0,  in  Fern  (in  V  I' S.  bt.,  80°  40'  W.  long.  &<w 
Poria),  onl;  211 ;  and  inUma  (12°  i'  8.  lot)  agnn  219  aadSationa.     I  tfaa 
found  Utat  at  that  time,  1799—1809,-^  the  intenaj^  of  the  total  magm^ 
toret  were  taken  aa  -^  1,0000  on  the  magnddc  equatot, — in  the  P«znnan  choa 
of  the  Andei  between  Uicmpampa  and  Caiamarca,  it  Bhoold  be  eipressed,  in 
Fada,  bf  1,S4S2 ;  in  Henco,  b}  1,S155 ;  at  San  Carloa  del  Bio  N^io,  hj 
1,04SO ;  and  at  Lima,  bf  1,07TS.    When,  in  ■  HemiHr,  the  matbematia] 
portion  of  which  belooged  to  M.  Biot,  I  deraloped  to  the  French  Inali- 
tnte  in  the  Seance  da  26  mmaire.  An.  liii.  de  la  Republiqne,  thia  law 
«f  Uie  variable  inlena^  of  Uh  t«neeMal  megnetio  forc^  enppoiling  it  ij 
unmerical  Tahiea  obtuned  bf  obaerntjona  at  101  diS^rent  pointa  of  tia 
Earth's  smftce,  the  bet  was  lauded  tie  perfectly  new.     It  was  not  anlfl 
after  the  readii^  of  this  Meminr,  aa  Biot  has  said  in  it  most  distintttr, 
(Lamdheri^  Joomal  de  Phyaiqae,  T.  lii.  p.  44B,  note  2,)  and  as  I  ban  te- 
peated  in  m;  "  BelaUon  historiqne,"  T.  i.  p.  262,  note  1,  Ihat  M.  de  Baud 
otanmnnicakd  to  BiathiasiipienonaobserTationtoftheoscillaliimaiifaiiecdb 
made  between  1!91  and  17M  b  Von  DiemMi's  I^nd,  Jan,  and  AnboiBi. 
Iliese  abaoraliona  shewed  the  kw  of  deoreaajug  force  to  eiiat  alto  in  the 
Indian  Ardupelago.    It  •coma  naaonablc  to  coigectan  that  Una  cieijlait 
man  had  not  leoognised  in  his  observations  the  i^ularity  of  the  incroit  and 
decrease  of  the  magnetic  inleneity,  since  he  had  never  spoken  of  thia  nirdj 
Mt  animportant  pbjsical  law  to  onr  common  friemda,  Li^lac^  Ddaodi^ 
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■■prony,  mi  Biot,  bdbte  Uw  raiding  of  m;  Memoir.    It  wu  not  imta  1808^ 
tour  jean  after  my  retam  from  Amsrioi,  that  hii  obscmitums  were  poblufaeJ 

-  ia    tbe  Vojtw  d'Entrecariraia,  T.  ii.  pp.  287,  291,  S21,  iSO,  Bid. 644. 
'  TEhe  cnatom  of  eipreniiig  all  obaarrationa  <rf  the  msgnrtie  force  nude  in  my 

-  peut  of  the  ^be  in  tenoa  of  the  force  Giund  b;  me  on  tJie  magnetac  eqnator 
in  the  Ncvth  of  Pern,  id  which  arbitrar;  acale  tta  taise  at  Paris  ia  taken  .ia 

'  ^^  1'34S,  baa  been  eontiniMd,  even  np  to  the  preaent  tim^  in  all  the  tables 
of  magnetic  iatennty  wbicb  hsTa  been  pubhahed  iu  Ctermn^  (HanateeB'i 
AlagDetiBmiuder£rde,1810,  S.Tl;  Gwin,  Beob.  dea  Msput  Venina,  1S33, 
S.  80—33 ;  Ermau,  Pbrokal.  Beob.  IBll.S.  52B— 5TS) ;  uiEnglind,  CSabine'e 
BepiKt  OQ  Uigoetio  Intcaisity,  1S88,  pp.  48 — GS;  and  Contributions  to  Ter- 
restriHlMagnetina,1340,etaeq.):  ■iidinFraiice,l,Beeqnerel,Tnited'£!ectricite 
et  de  Magn^iante,  T.  vil.  pp.  SE4 — 867.)  Still  earlier  Uua  Admiral  RosEel'a 
observations  neie  thoae  made  bj  Lonunon,  ia  the  CTiibrtuiiate  eipedition  of 
X.a  Peronae,  from  its  ataj  at  Tenenifc,  1785,  to  ita  arriml  at  Macao,  1787, 
and  which  were  sent  to  the  Academic  desSriencea.  Itia  known  with  certainty, 
(Becqnerd,  T,  vii.  p.  320),  that  fliEy  had  reached  tbt  hands  of  Coudorcet  in 
-July,  1787 ,  bet  sll  the  attempta  whicb  have  been  hitherto  made  to  discovej- 
theu  have  proved  frdtlcea.  Captain  Dupeirqi  ia  in  poase^sioa  of  s  cop;  of  a 
very  impOTtant  letter,  written  by  Lamanon  to  the  then  perpEtnal  secretory  o( 
Uie  Aeademy,  and  which  waa  ranitted  to  be  printed  in  tlie  "  Vojuge  de  La 
Peroiue."  It  ia  eipresaly  aaid  in  tiui  letter,  "Qn«  U  force  attractive  de 
I'ajmant  est  moindre  dans  lea  troniqne*  qu'cn  avan^ut  vers  lea  poles,  et  qna 
Viiitenail*  magn^tique  dednite  dn  numbre  dea  oscillaliona  de  TaiguiUe  de  la 
bonssole  d'indjnaiaon  change  et  aogmente  avcc  la  latitude."  If  the  Academy 
had  at  that  time  thought  ilaelf  juitificd  in  anticipating  the  then  hoped-for 
letnm  of  Ls  Perouso.  and  in  miikiug  known  a  trali  which  was  eventoallf 
JIacoveted  infleptndently  by  three  trovellera  unknown  to  each  other,  Lamanok, 
De  Rosael,  and  myself,  the  theory  of  leireslrial  niagnctism  would  have  been 
advanced  eighteen  years  earlier  by  the  ino«ledge  (d  a  new  dass  ot  phicnomenfl, 
Thia  simple  narrative  of  facta  may,  perh^B,  be  held  10  Jnsti^  the  statement  con. 
tained  in  the  following  passage  of  my  "  Relation  historiipie,"  Vol.  iii.p.  616  ;— 
"  I*a  observations  sur  les  variations  du  magnetisme  teiteslre  aniquellea  jc  me 
mis  livrf  pendant  32  aus,  lu  moyen  d'inBtrumens  comparables  entro  em  en 
Amwi^ue,  en  Enrapo  et  en  Asie.  emlrasaent,  dans  lea  deni  hemispheres,, 
depuis  les  fronlierea  de  la  Dzout^arie  chinoise  jusqua  vers  IWeat  i  la  Mer  dn 
Slid  qui  baigne  les  cfltes  du  Meiique  et  dn  Piron,  un  espaco  de  188°  de 
longitude,  depiiis  les  60°  de  latitude  iwid  jiisqu'ani  12°  de  latitude  «ni  J'ai 
VOL.  I,  2    F 


ttgtrii  1>  loi  dn  UamaUaaA  dn  toteat  migsAiqiHi,  it  pffle  k  l'6q 
comme  1«  timlUt  la  pliu  inpntut  ds  na>  voyiigc  uaericain."  It  ■■  Mt 
nrtwD,  but  it  ii  tbj  probalile,  thtt  Condorcat  nad  Lmaaan'a  lettw  of  Jalj, 
ITHT.  (<  ■  I— tiij  iif  llii  liiiilmij  iif  flriniirni  it  ?irii  md  I  regud  nek 
nadiDg  M  ■  mfiEiEnt  ut  of  publieatioo  (iniiuin  da  Bortw  do  Ijtn^taitm, 
1S4I,  p.  4S8).  l^e  first  net^ition  of  tin  U«  bclngi,  Ounfare,  mdk- 
pdtiblf ,  to  ths  sranpamim  at  L*  F^na ;  but,  long  unheeded  or  GMKottm,  it 
■ppean  to  nu  thit  the  Icnoiriedge  of  ths  Inr  irf  tlw  vanitioQ  at  tha  wgtilie 
fcrce  wiOi  the  latitnde  onlj  obtsined  ■  real  HnButifle  amtoneo  by  the  iiiililiielMi 
of  mr  obMmtiau  of  17S8— 1804.  The  otgcct  md  tbs  langA  of  Qdi  BOla 
will  not  be  napiiang  to  fliOM  lAo  «n  bniliir  viA  Oa  leeott  hiitwy  rf 
BUgnetifii,  ind  tb*  dmbt*  voted  fcf  i^  tod  wIm>  know,  from  tkeir  vmt 
ciperieneeb  Hut  o^  attuhei  iobb  ntee  to  tkit  wMeh  bai  knaii  m  eoliMt 


C")  P-17B. — Hm  greatat  intcDBtf )/ the  "■^gn^*-  fom  hitheito  o'beetted 
on  the  Mir&ce  of  On  Exrth  ■•  3,071,  did  the  leait,  0,706.  Both  an  in  the 
•onthranhemiqihtn:  the  geographical  podtjoa  of  the  flnti*,bt.  WIS' S, 
long.  181° BO'S,  from 6reenineh,obMTv«dbf  Sir  JimcaBou, where  tbe  ia- 
dinetion  wu  W  81',  (Sabina,  Contribatiou  to  TerrMtrul  Hignetinii,  No.  V. 
FhiL  Kan*.  1B4S,  p.  3S1).  The  minimim  wu  obMmd  bj  Sanaa  ia 
20°  GO*  3„  and  884*  E7'  E.  ftom  Oreaaindi,  (Enaau,  FI^  Bcob.  IMl, 
8.  STO),  at  which  point  the  indiDatiin  wai  7*  W-  VtuM  <rd«ea  at  the  fiuee 
«ra  in  the  ratio  to  each  other  (^  1  to  2-988.  It  wai  long  utppoeed  thi«  tk 
ratio  of  the  gnateat  to  tbe  leut  intennty  of  th«  brea  on  the  mrbM  of  tie 
Earth  wu  u  8  to  1  (Sabine,  Report  on  Hignede  Intanaitj.  p.  SS). 

\^OAi  note  ii  dightl;  altered  from  the  originBl,  with  J£  de  Hmnboldfi 
eoncurrenee,  in  order  to  bring  it  into  uure  euet  accordance  with  the  beta. — 
HditorJ. 

C")  p.  ITS. — Spealditg  of  amber  (iti^eiauiK,  fltmim,)  T^  aajt,  ixniL 
8,  "  Genera  qoa  pliira.  Attoita  digitomn  amepta  ealoria  anima  fanhn^  ia 
le  ^leu  ee  folia  arida  qoK-kvia  sunt,  ac  ot  magna*  Ufit  ferri  laraaata 
<gnoqiie."  FUto,  in  'nmaa,  p.  80;  Martin,  Etudes  anr  le  Timfe,  T.  ii.  if. 
313— US ;  Stnbo,  IV.  p.  TOS,  Catanh. ,  Clement  Alei.  Stram.  iL  Pl  STO, 
where  a  ungnlar  distinctiDn  ia  made  between  ii  raixur  and  ri  tAiirr^**). 
If  Thalet,  in  Ariatot.  de  anima,  1,  2,  and  Hippiaa,  in  Diog.  Leertio,  1,  H^ 
ascribe  to  the  m^^et  and  to  imber  ■  ipiiit,  it  ia  obnom  that  the  word  i 
■Mnt  lunpl}  to  eipreaa  a  force  or  a  eanaa  (tf  motian. 
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f^f.  nB.—'"B»Ta>paHitminia  h  amtar  kttiteti  the  mitJIcit  gmn> 
of  mostBid  seed.  It  ii  ■>  if  a  mjntaiou  bmth  of  ili  piSMd  throi^  botli, 
and  oommanieited  itielf  iriUi  the  twiftnc»  ol  an  utoit."  Sndi  in  the 
«^ic«ni>iu  iieel  hj  Kno^,  ■  ChiiiMe  mHa  of  the  b^iaaing  of  the  foorth 
taatDTj,  in  ■  ipetth  in  pnties  of  the  magnet.  (Kliproth,  LeUre  k  H.  A.  de 
Homboldt,  nn  llBTC^ition  de  1«  bonoole,  1834,  p.  125), 

P^  p.  177.— "The  phtuomena  of  penodlnl  TMiatioiii  depend  Jii»nife»t)7 
vn  t^e  adisnof  *ij*r  beat,  opentiBg  pmhiblf  throi^h  the  medimn  of  thermo- 
electric GDireati  indaced  on  tb«  £arth'i  nii&ee.  Beyand  this  rude  gatas, 
hanairer,  nothing  ii  ai  jet  known  of  the  phydcal  eaiue.  It  ii  even  still  a 
nutt^  of  BpecotatioB  trhethei  tha  Mlar  iaSaeDee  be  a  principal  or  onl;  t 
anboBdinate  etme,  in  the  phnnDiiisDa  of  lerreebial  magnetiim"  (Observ.  ta 
be  ainde  in  the  AnUntie  Sipedition,  ISIO,  p.  3S}. 

Wp.177.— Bariow,  inthePhH.  Ti»ns.fbf  18a«.P»rti  p.  117;  St 
Sand  Bnwiter,  Treatw  mi  Hagoetism,  p.  199.  ^n  inflnence  of  heit  is 
diminiibiDg  the  diieedn  forea  ol  tha  magnette  needle  had  beee  tan^t  ia  the 
Chinese  work,  Oo-thEa-tson,  long  before  tha  tmie  of  Gilbert  and  Hooke, 
(Klnproth,  Lettre  !i  U.  A.  de  HomboldC,  inr  Finrentioa  de  la  boiuHde, 
p.  96). 

^")  7.  17s.— See  the  Meminr  on  Tonitml  HsgDetism  in  Uu  Qnarterif 
Beriew,  1810,  Vol.  liii.  pp.  271—812. 

(•"Jp.  178. — When  the  first  prapoeal  ta  aiteUiiliaqrstemof  obtervstoriei' 
firming  a  net-work  af  itations,  ill  prortded  with  nmilar  uutnunenti,  ma 
mirie  bj  mjseir,  I  codd  hardlj  entertoiii  the  hope  tkit  I  ahoold  actuall;  Iir« 
to  aee  the  time  when,  thimkB  to  the  united  actiritj'  of  eioeUcnt  phjaiciats  and 
■atronomei^  and  especially  to  the  munificent  and  pencTering  Einpport  of  two 
govanments,  the  Rnssiui  snd  the  Britiafa,  Mb  hemiapbens  ghocdd  be  covered 
with  magnetic  obscTTstories.  '  In  1606  and  1S07,  nr^  friend,  H.  Oltmanni, 
and  mpelt,  freqnentl;  obaerred  the  march  of  the  declination  needle  at  Berlin, 
fbi  five  or  six  days  and  nighCa  conMcntiTelf .  from  hour  to  lionr,  and  often' 
from  half  hoar  to  kalf  hour,  particnlaily  st  tke  eqninoxes  mi  solstices.  1 
«u  peranaded  that  contiuiuins  nnintempted  obBerralioiis  (nbttrvaUo  pa* 
petua),  during  aevonl  days  and  nighU,  were  preferable  to  detached  Dbserrationt 
eonUnned  during  aa  iBtenal  of  manj  months.  The  appaiatos  employed  wal 
Ptod;^  mngnetic  telescope,  placed  in  a  glass  caae,  and  anspeuded  by  a  thread 
nitbont  toraioD,  by  whick  anglea  of  7 1»  8  teconds  eonld  be  read  on  a  finely, 
dinded  scale,  placed  at  a  distance,  and  innminated  at  night  by  a  lamp. 
Mi^cVic  pertiiTliationa,  or  storms  recnrring  aometimea  at  the  same  hours  tof 
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■ereral  soccesaive  laghtl,  led  Ine  btbh  then  to  eipreas  bd  earnest  wiah  for  Qm 
emplojineiit  of  aiaalat  jiutniiaeDta,  to  the  east  and  nest  of  Beriin,  to  eoible 
.BB  to  distinguult  between  genarBl  phieiiomea&  and  tboK  vliic^  might  Iieloii; 
to  IocbI  peiturbationl  from  the  nneqoaD;  heated  erost  of  the  Eartli,  ot  tk 
■tmos^ere  in  wUcb  cloodi  are  (bnned.  Mf  depsrtore  for  Paris,  and  tl* 
lODg  political  Irouhlea  of  Europe,  prevented  the  iccoinplialinient  of  mj  itisba 
It  that  time.  The  light  whicii,ui  1820,  the  grert  diseoTery  of  Oeralad  tire* 
on  Uie  inttmate  connection  between  electndty  and  magnetism,  excited,  after  ■ 
inng  aloBiber,  a  general  md  lirdjr  interest  in  the  periodieal  Tariations  in  lis 
Earth's  electro-magnetie  charge.  .Aisgo,  who  had  began  several  years  befcce 
lit  the  observaloi7  at  Paris,  with  an  sxcellent  dedinaHon  apparatiu  of  Omibej, 
tbe  Iwgeet  nnistenrapted  saiee  of  honrlyobservations  existing  in  Europe,  sheired. 
by  the  coin[>arisou  with  SLmoltaneoui  perturbations  at  Kasan,  tite  great  advanti^ 
which  might  b^  deriied  &om  mcb  compuisons.  When  I  returned  to  Beriii^ 
■Aer  a  residence  of  eighteen  years  in  France,  I  had  a  small  magnetic  obssn- 
tcvy  erected  daring  the  antnmit  of  1S28,  not  only  for  the  purpose  of  cos- 
tinning  the  work  wMth  I  had  hegnn  in  1S06,  bnt  aleo  and  especially  tor  Iht 
purpose  of  inslJtDting  a  series  of  simnllaneooe  observations,  at  concerted  hom, 
at  Berlin,  Paris,  and  at  Freibeif,  at  tiie  depth  of  B16  feet  helow  the  snrface. 
Ilie  simultaneity  of  the  pettnrhatians,  and  tire  panlteliim  of  the  movemcDti 
for  October  and  December,  1829,  were  iepreseute.1  ;;rq>hically  at  the  tims 
in  Pilgg.  Aim.  Bd.  lii.  8.  S57,  Tifet  i.— iiL  An  expedition,  Dndertaien 
ander  the  orders  of  the  Emperor  of  Rnsaia,  in  1S29,  to  Noithem  Asia,  gave 
me  an  opportunity  of  carrying  oat  my  plan  on  a  more  extensive  scale.  Jt  was 
developed  in  the  Report  of  a  Commiseion  specially  appointed  by  tbe  Imperial 
Academy  of  Sdeuces ;  and  onder  the  protection  of  Count  Caocrin,  Chef  da 
Corps  des  Mines,  and  the  able  direction  of  FrofessorEapE'eF,  magnetic  atafiora 
were  established  tbrou^Dt  Northern  Asia,  from  I4icolaieff  by  Catharinenlmr^ 
Bamanl,  and  KertdiiaBk,  to  Fekio.  Tbe  year  1832,  (Gottii^er  gelehrt* 
Aoieigen,  S.  SOfl),  forms  an  epoch  in  the  history  of  flie  sciMice  -,  for  it  wsi 
then  that  ihe  tUnstrions  founder  of  a  general  theoiy  of  terrestrial  magnetism, 
Friedrich  Gauss,  establi^ed  in  the  GottiDgen  Aatronomical  ObBcrviloiy 
apparatus  conslructed  on  new  principles.  The  magnetic  obaetvatorj  of 
Gottingen  ma  completed  m  1834;  and  in  tbe  same  year  (Reaallatc  der 
Beob.  des  niagnetischen  Vereine  im  Jahr  1S88,  S.  135,  and  Foggend.  Annales, 
Bd.  xxiiii.  S.  426),  by  tbe  waloiia  and  active  assislance  oC  an  ingeiioiB 
pbyiicist,  'Wilhelm  Yfeher,  Ganss's  instruments  and  metbodi  were  made 
known  iud  brought  into  use  throughoiiC  Italy,  Sweden,  and^a  large  peri  al 


C«nnany.     A.  "  msgnelic  nnioa,"  nF  which  G6ttin^  mi  the  eentm,  <m 

thna   estahliahed,  making  nmultaLCOn*  obtervatiom  four  times  h  jot,  te* 

guming  &om  1S3S,  for  periods  of  S4  boon.     The  ■ppointol  dija,  nhich 

iira«  called  "  mignetic  tern,  dafi,"  did  not  eoiiwide  witli  the  epoch*  whiefa  I 

bad  adopted  and  proposed  in  ISSO,  vii.  those  of  the  eqninoies  and  BolnticM. 

fireat  Britain,  though  the  nation  which  poucasea  the  greatest  trade  and  moat 

«zteiuiTe  DavigaCioa  of  Ueworid,bad  hitherto  taken  no  [lart  in  the  movement 

nblcli,  aince  1828,  had  begun  to  promise  meh  importiut  resnlts  tonarda  the 

.Mtablishment  of  the  adcnra  of  toreitrial  magnetism  on  a  snre  basis.    Id 

April,  1836,  by  a  reqneat,  addressed  in  a  public  manner  directly  to  tbe  then 

Fccadent  of  the  Boyil  Sorietj  of  London,  the  Duke  of  Snasei,  (Lettre  de  M: 

de  Hombtddt  &  S.  A.  R.  Is  Dnc  de  Snasei  str  Ics  moyens  propria  il  perfec- 

~  .  magnjtiama  terreatre  par  retabliasenvnt  da  tiatiou 

d'observationa  correapondBnla),  I  had  the  happiueas  of  ei- 

riting  in  those  *ha  had  ao  mnch  in  their  power  a  fueling  of  interest  >n  an 

altderiaking  the  oilai^ement  of  which  had  long  htat  the  object  of  my  warmest 

niahe*.    In  t^  letter  I  orged  apon  tlie  Duke  of  Srneei  the  eatabtUbment  of 

permanent  atationa  in  Coaada,  St.  Helena,  at  tht  Cape  of  Good  Hope,  in  the 

Jale  of  France,  in  Ceylon,  and  in  Sen  Holland, — bI]  localities  whidi,  fire  yean 

f>reTloiisly,IhadpainledoDta(deairaUe.    A  j<nnt  physical  and  meteorolt^iol 

oommittte,  ^pointed  by  the  Royal  Society  irom  among  its  FeHow^  propoaed 

to  the  govenuitait  the  establishment  of  Qied  magnetic  obeenatories  hi  both 

henuspberea,  and,  in  addition,  the  cquipnent  <rf  a  naval  eipedition  lor  magnetic 

^bserrationt  in  the  Antarctic  Seas.    I  need  not  here  ^ell  on  how  deeply 

tcienM  a  indebted  lo  the  great  and  zesloua  eicrtionE,  oa  this  occasion,  of 

Herschel,  Sabine,  Aiiy,  and  Lloyd,  and  to  the  poneifnl  enpport  of  the  British 

ABsodstlon  for  the  Adranoement  of  Science  at  ila  meeting  at  Newcastle  h 

1S3S.    In  Jnne,  1S89,  the  magnetie  Antarctie  eipedition  waadeterminedoi^ 

and  placed  nnder  the  oommand  of  Captain  Jamea  Clark  Boss.     It  ha»  now 

fetumed,  crowned  with  ancccsa  and  bononr ;  hating  enriched  science  with 

most  important  geographicnl  discoveriea  in  the  vidnily  of  the  Southern  Pole, 

vithsimultaneaaB  observations  on  eightoitenmagnethtcon  days,— [and  with 

a  determinatioii  of  the  linca  of  equal  Declination,  equal  Inclination,  and  equal 

force,  over  three-Ibuttba  of  Ibe  accessible  portion  of  the  high  latitudes  of  tlie 

■outhem  hemiaphers. — Editor.] 

["^  p.  179.— Instead  of  attributing  the  interzial  heat  of  the  Eatli  to  tb* 
itriiiutioD  from  k  uebnions  to  a  aoUd  state  of  the  matter  of  which  it  is  formed 
Ampere  pcopoaea  what  nupesrs  to  me  t  very  improbable  bypoOitiia,  in  wtuoh 


hir  MOTES. 

ths heat  ii  ngiuM  u rtaaltiii;  ftam  the  h>D;i.«9iithn[«[l  cheimcU  acHtn  rfa 
niuleus,  eompoud  ot  flu  metaU  of  the  taitit  itnd  alkalies,  on  an  alrad^ 
i^diccd  eitynnl  ennt  Ib  hia  f;mt  warl:,  "  llieoria  dea  phenonienes  Seetr» 
djnainiquea,"  1SS6,  p.  S9,  he  ttjt,  "  On  ne  pent  doater  qs'il  Bxiste  da 
nDteriBiu  du  glob*  tU*  conrants  Aectro-nugaftiqnu,  et  qoe  ce»  eoimnili  sari 
Its  oauBcs  dc  la  ehalenr  qui  loi  eat  proprs.  Ib  nussent  d'un  nojia  metalHqsi 
eoatral  compoaa  de*  mftain  que  Oxtj  nmu  a  fut  connBitte,  agitBBitt  car  b 
eooeiie  oiid«e  qui  entonre  U  nojui." 

C*^  p.  179.— Tha  renmrknble  rewmUnioe  betmea  the  magmetic  and  Ifai 
iaathermil  liaea  wu  ftnt  pointed  out  bj  Sir  David  Brev^ter  in  the  Tnnaae 
tknu  dT  the  RoTal  Sodetj  of  Ediuho^  V6L  ix.  1821,  p.  318,  and  in  bk 
"  Irealiae  on  Magneduii,"  1837,  pp.  43, 44, 47,  aikd  36S.  Ibb  disUngoiabcd 
pli^citt  tDj^DMS  thteuateneaottirapoleaof  masimnmat^ia  tke  nortlKa 
kmuBphen ;  oiw  Amcricaa  (laL  73°,  loDg.  KXf  W.,  near  QqM  Walker) ; 
and  ODS  Aaiatio  Qat,  73*,  kmg.  SO*  IL) ;  and  he  coimdera  that  these  oceans 
two  meridians  of  maiimmn  beat,  and  two  nwridiana  of  maiimuai  eoM.  la 
the  tiiteaot^  eentmy,  hoverer,  Aeoata  tanght  the  eiiateitee  of  firnr  lines  tl 
■a  dei^Iinalion,  nhicli  he  interred  from  Ba  observations  of  b  verf  eiperteneed 
Fartnguese  pilot  (Hialoria  natoral  da  las  lodiaa,  lf>89,  lib.  i.  Cap.  17). 
This  opinion  wonld  seem  to  hare  had  some  inUitenee  on  Halley's  theoiy  at 
loia  magnetic  pdn,  if  we  mt^  jndge  tnao  Kane  djsena^ns  betireeu  Hentj 
Bond,  AnthoT  of  "  The  Loi^uda  Fonnd,"  1676,  and  Beckbonvw.  See  aj 
••  Biamen  ei^iqiie  de  lliiat.  de  la  Qeographie,"  T.  m.  p.  60. 

{^  p.  171».— Hallej,  in  the  PhiL  Trsm.  \oL  rdx.  tfor  1714— 171«W 
Ho.  341. 

(■"5  p.  180.— Dore,  in  PogftendorTa  Amalen,  Bd.  xi.  S.  341,  Bd.  lii; 
S.  388 :  "  The  declination  needle  ia  acted  upon  nearlj  like  an  atmosjdieriB 
electrometer,  of  whidi  the  divETgence  increaaee  until  a  spark  (li^itning)  a 
prodnced."  See  also  the  ingenions  compuisonB  of  Frofessor  Kunti,  in  his 
IiHhrbiiFli  der  Meteorologic,  2d.  iii.  S.  611—519;  Sir  David  Brewita; 
l^eatiae  on  Msfpittism,  p.  S80.  Bee  slso  Casaelmann's  ObaervaligiiB  (Man. 
bug,  1344},  S.S6 — S2,  ontkemsgneliopropatiesof  thegslvanic  flom^  « 
luminous  aich,  in  a  Bunsco's  eaibon  and  sine  batteiy. 

0")  p.  181. — AtgeUnder,  in  tha  important  Hemoir  o>  the  Aurora  whiek 
ta  baa  incorporated  in  the  "  Vortrnj^a,  gehalten  in  der  phjaksliidk 
okonoraischen  Qesellachaft  m  Kiinigaberg,"  Bd.  18S1.  S.  367—264. 

(>")  p.  ISl.— On  the  nsntts  of  (he  oba^vatioos  sf  Lottio,  Braiaia,  sal      , 
Eli^entriim,  nho  pSHed  a  wintei  st  Bosakop  on  the  coaat  of  Idptaod  (1«L       I 


TO").  M>d  M<r  IW  AiRMi  ia  SIO  Bi|^  tea  CoaqMw^ngau  da  I'Ai^d. 
dea  Sdeuoa,  T.  i.  p.  £89,  and  Hattina'  HAc<H^)lagic  1S4S,  p.  468 ;  alab 
A-r-gelandcr,  in  th«  "  Voringoi,  gehailcn  in  dcr  Konigabvic  Bcaalluhaft," 
Sd.  i.  S.  260. 

O'l)  p.  183.— Ctqitain  lohn  Fmikliii,  "  ittmHn  of  a  Jtminaj  to  tlw 
Sboiw  of  Uie  FoUr  Scea  ia  the  ^gara  1S19— 1S2S,"  jip.  iM  and  >B7; 
■FliiewnunEi,  ia  tha  Bdinbm!^  PULia.  Joan.  VoL  n.  p.  >6B ;  Farqnbanon, 
in  tlu)  ana*  josn^  ToL  n.  p.  S92;  Wn^d,  F^  Baob.  S.  GB.  Purr 
maM  the  Anran  borealis  in  phin  daf-BgU  (Jonnial  cf  a  Ti^iga  paByuiad  in 
1821 — ISSS,  p.  Its.)  A  ntarij  aimilar  obacmCian  waa  ma^  in  England 
on  the  Bth  of  SepUmber,  IB!T  (Jonnial  at  tb*  Bo^d  iMtihition,  18£S,  Jan. 
p.  480). 

C^  p.  ISS. — On  mj  ntam  from  Amariea,  I  deaeribcd,  under  tha  nalM 
«(  "  polar  tandi,"  dm-eamiili,  in  wlich  tlte  nnall  datadiad  minara  wen 
diatributed  at  vsj  ragnlar  int^rala,  aa  if  bf  tLe  aetiini  ot  repnlnTv  foroea. 
I  madenaeoftiienqmniDn  "  polar  banda,"  beeanae(lLeiriienpeetivepointaof 
Boayergmxe  ntoallf  ^ipeand  at  fint  in  Uie  prolonga^n  at  Uie  dipping  needia, 
•o  tba6  the  parallel  linaa  of  cirrna  eomqiondad  KiUi  tho  magnetic  meridian, 
Sometimea  the  paint  of  connrgenee  appeand  to  more  flnt  in  ona  diieddon, 
■od  tiien  in  the  og^Knite ;  and,  at  other  timea,  to  adrauec  gradoall;  in  onn 
directioD.  Theaa  bauda  nauall;  ihew  thenudf ea  completely  fbnued  on^  in  ona 
^aartar  oftheikji  and  their  morement  ia  Srit  directed  firoK  aootk  to  norths 
nd  then  gradaall;  from  eait  to  wtet  I  do  not  thinli  the  moremeota  aa  ba 
explaiBed  bf  rariationa  in  tbe  enrrenta  of  air  in  the  higher  regiona  of  tic* 
•tmoaphoe.  The  banda  an  aMn  when  tha  air  ii  mtremel;  calm,  and  tiia 
Aj  rarj  aerene ;  and  th^  ara  mn^  mora  freqnant  within  the  fiopea  thao  in 
the  temperate  and  frigid  lonM.  I  ban  acen  tbe  phanomeniHi  dereli^  itadf 
Ib  a  manner  ao  atriUngtf  liiiiibr  «a  Oo  Andea,  at  an  deration  of  I40DO 
n^nch  fiMt,  almott  nudar  the  eqmlor,  and  in  Noitheni  Asia,  in  the  plaini  of 
Kraanqjarald,  to  the  aooth  of  Bnditanniiuk,  that  it  aeema  diffienlt  not  to 
regard  it  aa  a  piooeaa  depending  on  very  general  nnd  widely-diStaaed  natnial 
foroea.  SeBtbeimportutremarioofKimti  (Varlewmgen  iiber  UA&vok^ 
1840,9,110;  andthemaraKoantoDMofMaitinaaDdBisnu*  (H^t&rolop^ 
184S,  p.  117.)  Arago  obaerred  at  Pari*,  Jane  S3,  1B44,  fn  the  dqr-tima, 
aonth  polar  banda,  conaiating  of  extremely  light  clondi,  and  aaw  dark  n^a 
ihoot  npwatda  bom  an  an  baring  an  aatt  and  wett  dire«tian.  In  page  181 
cd  the  text,  mantion  ia  mndeafthaqpeannoaot  bkakamefca-liia  r^  ia 
hrilBaiit  noettinul  aartnaa. 


.( '-;  p.  184. — la  the  Sketleud  Iikw^  the  urotal  ttn»men  are  calM 
"the  merry  clancen"  (Kendnl,  in  the  Qnuteilj  Jounul  of  Science  onf 
wrk«,  Vol  IT.  p.  895.) 

(■")  p.  184.— See  the  eiodl'iit  article  uf  Miiucke,  in  the  lust  edHIm  ol 
Gebler't  Fhyslkaliuhea  Wortahach,  Bd.  m.  1,  p.  113—268 ;  and  putknlu^ 

O^j  p.  144.— EarqahsnoD,  iu  Ediub.  Philo*.  JDOnii],  Vol.  xri.  p.  80t; 
FhiL  Truis.  for  1SS9,  p.  113. 

C"^  p.  187-- Kimta.  Lehthoch  der  MeteOTrfogie,  Bd.  iiL  8. 498  taA  501. 

('^  p.  169.— On  tbairj  loffiot  17SS  and  1831,  whii^  speared  lumi. 
tuMU  at  night,  ta  Aiago,  in  the  Aimuaite  do  Bnmm  dei  LaDgitDdea,  1S3!, 
pp.  24S  and  S50 ;  and  on  Nnne  Eingnlir  phEnomenB  of  light  from  doadi  nci 
Vdi^  atoim  or  thnndcr  dondi,  in  hia  "  Noticea  snr  la  Tonnore."  m  Iha 
jLiniiaire  poor  I'an  1838,  pp.  279—285. 

[Brai^at  Loeh  Scavig,  iutbe  Ishmdof  Skf^  inafrioDd'*  jscht,  in  Ai^mi 
1880,  the  BDmniit  of  the  moimtaiQ  whic]i  lises  cm  the  rait  Bide  of  tb» 
harbour  In  the  height  of  20D0  bet  or  IheKsbonta,  ma  eiivdo]-.ed  dnring 
the  da;  by  8  thin  yeH  aS  aoA,  eitendiiig  8  or  400  leet  below  the  anmnii^ 
and  M  itan  aa  to  permit  the  ouUine  of  tin  hill,  as  weU  as  tJie  roc^  a- 
fqualitiea  of  the  sorhce,  to  be  eeen  throngh  it  i  as  night  came  on  the 
toiit  icnuined,  bat  becanu  diatitietlf  and  deuidedljr  kminona,  etm  eontinn- 
ing  ao  thin  that  tlie  hill  waa  seen  throogh  it  i  toward!  8  «r  9  o'dook  in 
the  enaiing,  stmamers  of  the  Aurora  ssecnded  from  it  fi>r  about  10^  or 
li"  tomrds  the  lenith,  and  continued  to  do  so  for  sa  bom  or  ttureahonts, — 

(>°°)  p.  191.— Herod,  iv.  2B.  Th««neienl«  wa«Fiq»He«aed»ithaaidN 
that  Egypt  It  etempt  turn  cartbqmte  (Flin.  iL  80)  i  tblunigh  the  neecwDly 
of  natoring  the  rtatue  of  Hmnon  iS(  in  some  d^rce,  eridnace  to  the  eat- 
trary  (Letnone,  La  Statne  vocale  de  Memnon,  1333,  pp.  25— 2&.)  Iti^ 
however,  troe  that  the  Tilley  of  the  Nile  ia  ailoalcd  ontode  the  rarthfuab 
district  of  Byisntium,  the  Arehlpelsgo,  and  Syria  (Ideler  id  Ariattd.  Meteor 
p.  584.) 

i"")  11.191. — Ssint'HBrtin.in  the  learned  notes  whidi  he  has  ^^eadad  la 
Lebcian'i  Histoire  dn  Baa  Empire,  T.  ii.  p.  401. 

,  C'*)  p.  191.— Humboldt,  Asie  Centrale,  T.  ii.  pp.  110—118.  On  (he 
difference  between  the  agitation  of  the  Bur&ce  and  that  of  the  inferior  ilral^ 
f«e  Ray-Luuac,  in  the  Annales  de  Chimie  et  de  Fbyiiqne,  T.  ui).  p.  42S. 

('^  p.  192.— TutiiEimnm  est  cum  vibral  criipante  sdiSdoium  creptl  i 


tB  aoBtnrio  igtn  uiehHit ;  qaoniuB  lUcr  motu  itteri  rmititiir. 
XJnddDtiB  indimtio  et  fluctiu  more  quedam  volntio  iaftett  at,  M&t  emn  in 
^maiii  partem  totna  le  motm  imptUit  (Kin.  iL  8S). 

C")  p.  193.— Ha  BbMBCB  of  117  ooDneetioii  betucoi  mthquloii,  ind  tb« 

■tate  of  Uu  Kothet  at  qiponnw  of  llie  ilcy  inunediatelr  preceding  tlienr 

ooeiiTreii««,  begiiiD  to  be  lecogniMd  mat  bi  Itify.      Tlie  nmnencsl  (Uta 

obtained  b/  fhedricb   HoOunii  <a  tU>  nil^  ^m  petftctlj'  witli  (be 

escpehenceof  tbeAbbeteSooiofPtlcnM.    SeeF.  HofliDiim's''biiit«riuMgM 

Wate,"  Bd.  &  S.  360—875.      I  bm  indiid  mjuU  sbiaTed  mora  thu> 

pnce  the  ^peannes  of  ndditli  dtxub  •  diort  tjnie  b*G»e  (■rOiqniln  shodtii 

and  on  tiu  4Q1  Nonmber,  17W,  I  eipDrieiued  tm  itRing  shock*  limol- 

taiMoail;  witbaTiolentclapoftbiiiidm  (Rdllian  ItiitonqaE,  Lre.  ir.  ebsp.  10); 

.and  a  pbjaiciit  of  Tniin,  Vaulli  Eandi.  obaerred  gnat  diiturbuiee  in  Volta'i 

deetrcHaete  dniing  the  long-eontinaed  J-rfTigmW*  at  Pignmd,  irliiiih  luted 

from  Apil  2  to  Ua;  11, 180B  (Jonnul  de  Fhjt.  T.  Inii.  p.  !91}.     Bnt  we 

bare  no  reason  for  nguding  any  of  tbeae  pbEEnomena,  ■aeh  at  hau  or  dcnidi, 

diatiitlianeca  in  ths  limboe  ttala  of  tba  atnunpho^  or  ealiiM,  ■»  luving  any 

gnunl  md  neccuaiy  eonnection  with  eaithqnaJcea;   tor  in  QoHu,  Pen,  and 

Quli,  M  veil  a>  in  Canada  and  Ital;,  ibocka  bare  baan  fetl  when  the  ak; 

waa  moat  ■erane  and  free  fiom  elondi  or  ban,  and  when  tba  (^edeat  land  ot 

a  Uowing.    Bnt  ■Hlu'ngh  we  bare  no  leaaoB  to  bdiave  tbat 

A  bg  anj  ptitilnlaT  BMtecmli^ieB 

indicationa,  jft  wa  oogbt  not  penmptorilf  to  iqect  altogatlm  ikt  fojnix 

belief  of  the  infloeuce  of  particiJai  Kaaoiu,  the  renial  and  aotmnnal  eqnintaei, 

tlw  aettiag-in  of  bopioal  raini  after  long-eoutinaed  drought,  and  the  changa 

.of  the  moQBDan^  lolely  became  wa  da  not  at  preaent  iuidm>t«nd  tb«  eanaal 

soauection  whicb  nw;  onat  between  nuteonkc^  md  anbtonuan  pb«Bi» 

-mens.    Nmnerical  data,  eoUeded  wilb  ^tat  can  b;  H.  d«  Htd^  Petet  Hcrian^ 

and  ftiedcidi  HoSinuui,   b*  tlir  pmpoae  ot  elneidating  the  oompantifa 

&eqneaiij  ttf  eattbqnakea  at  the  diSbient  aelaona  of  the  Jtn,  indicate  ■ 

maiimum  aLoat  the  time*  of  tbe  aqninoies.    It  dgeenei  Dotioe,  that  PKny,  at 

the  end  of  Ida  &ncdfnl  theory  of  oitbqiukea,  tenna  theae  awM  phRaomoia 

"  anbteiranean  ttonna,"  not  ao  modi  on  acecimt  of  the  noise  reeenbling 

thunder,  whiA  oftoi  aoccHnpaniea  them,  ea  boat  a  notion  that  tbe  elaatia 

ftireei  wbidi  ^  tbot  iMRafdng  tennim.  thnt  agjiate  the  gtonnd,  aeenivaltta 

beiwatb  the  anr&ea  U  Ike  tK&  wbm  they  ue  wanting  in  tbe  abno^dMnt 
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lam,  nid  loiuto  miri  ladoqus  adeo  tnwqniKa,  nt  voUm  atnom  bm 
pmdeuit,  •obtncto  omni  qiiritii  qm  rehit ;  nco  onqoam  nud  pot  Tcnta*  «■■ 
Neqae  ilind  (Bt  tl 
0  hiitafl  Btind  qouii  cmn  ftihwf 
tetPlia.  &.ra. 
Wa  find  in  Senas  (KaL  Qmrat  tL  4—81),  the  gam  of  lU  thift  iam  biK 


•arUiqnakc*. 

(^)  p.  198.— In  aj  BeUtian  liutoiqnB,  T.  L  p.  Sll  and  G13.  I  ian 
gina  aridance  thit  the  bonrf  mwdi  of  &e  bmwnder  eantimiei  nndirtiuM 
kth  Mbn  nd  •Bar  tlu  occmnnEe  of  GutiiquakG  ihodi. 

O  ?-  IM.— HomboUt,  Bd.  likL  T.  L  p.  BIC— 517. 

0")  p.  1V6.— On  tka  "tmnidoi^  rf  Onuuzuito,  ice  my  Eand  poSt 
■or  U  NoQT.  Ikpagoa,  T.  L  p.  SOS.  Tlw  town  of  GouuzoitD  m  Mtntol 
6420Kr«odifMt  aboft  th«le«elofUeM».  nwrniUemnHuthaiidmn 
But  Kcompudcd  hj  inj  Ksmbb  Aoek  idthcr  in  ths  dc^  mines  cv  at  tta 
tn&oa  :  it  WM  not  Jmrd  on  tbe  neiglibotiriag  plitean,  but  only  in  tk* 
BMmliinom  port  of  the  9iem,  from  flu  CoeaU  d*  In  AgnDutt,  sot  te 
frgm  Hufll,  to  tlie  nortli  of  Santa  Bom.  Ilie  iravei  <rf  KHmd  did  not  imA 
Irfadud  porliou  of  Oa  Sjbrb  libmtod  24  to  SB  milM  nortli-wert  il 
SsmxDito,  in  He  ncaghbonrliaod  at  tha  Uiennsl  apring  of  Sia  Joao  de 
CowMgillaa  fcgfwid  ChidiinitqMlto.  H«wiimo(eitnK*diaii7wnffi^ii«(« 
dbpted  hj  tb*  magislntes  of  &«  tSj,  wlwn  Ibe  panic  ctoaed  hj  tin  nk- 
ttmnean  thundtr  vu  it  tha  higlieat.  TTw  lligTrt  nf  a  fiimilj  irit  pntiinhfil  hj 
■  Una  of  lODO  piwtita  or  b;  two  montlu'  impiaiHuiMflt,  and  tli«  militia  waa 
MBunanded  to  urest  and  bring  bick  the  fli{^(lT«a.  The  mott  eniiona  oiican' 
ftanea,  bnrenr,  wn  tke  eonfidmce  iAi<A  Aa  atdhoritiei, — "  d  MbOdo,"— 
Manad  to  ban  Rpowd  in  tbeir  o*m  mpoiiff  knowledge  uyin^  in  a  pndamfr 
tin  (<^ period,  wliiohllitdKDOiipcaianitf  of  aedn^^"iliamigiatnM7lB 
ttar  wisdom  [en  m  taliiduna)  will  be  ndl  aware  of  tlia  period  of  teal  and 
fnmineiit  danger,  ahonld  it  atbe,  and  th«r  will  then  gin  oidenCw  fli^i 
hot  Ibr  the  [naent  it  ii  infficiEnt  to  continue  the  jsQceaiiona."  A  ftmiu 
anaoed,  ai  the  ioliibitanta  of  tlia  table  lands  wen  praroited  bj  tlieir  tan 
Item  bringiagcani  to  tha  town.  Tbeuaeuta  wereacqnainted  wilhlbeplM- 
wmianoB  of  nbttnanean  ntniiea  unacoompsnied  Ljr  earth  eaka  ■  aae  Adrtct. 
Meteor.  fL  p.  802 1  and  Min.  iL  80.    Iba  aingabtr  ncdia  which  wa  baard  ii 
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tbe  Dnlmitiiin  iibai  of  Mdrdi,  16  BiOei  ItsM  Bi^Wi^  from  Knd  ISS2  to 
Eqitember  1BS4,  wu  ooaiionallf  (ccompqiiied  bj  (hodn.  Hndi  li^  hM 
twen  thtowi  on  tMs  phamamalm  bj  Firtsoh. 

(^  p.  198.— Dnke,  Nri.  and  Slatiit.  Vieir  of  Cinchnili,  p.  SSB—SSS; 
Sfitcbdl,  in  Uie  Tnuu.  of  the  lACmry  lad  Fbilatiiidiiad  Soeie^  of  Nnr 
Twk,  Vd.  i.  p.  S81— ^OB,  In  the  Piedmonloe  oxmt;  of  Piguod,  ^tmta 
filled  to  the  brim  with  water  exhibited  igititioD  fee  Krend  honn. 

(^  p.  1S9. — The  S]iaiiiiiieiprCMioni),''nK*aqiwbaceapaaita."  ThcM 
local  interniptiau  to  the  tniuBiBrioD  of  the  ihock  throng  Uie  w/gter  abit^ 
■eCTD  uulogom  to  the  remirkihle  pluinomeiMn  which  took  pUce  in  (he  deep 
nlxec  mines  of  Sluicnberg.  in  Stionf,  it  the  bq^niog  of  (be  pteeent  cen- 
toTj,  when  earthquake  ahodi  drore  the  mioen  in  ilam  to  the  nirha^  whenv 
metnMhiU,  nothing  of  the  kind  had  been  eipeiieneed.  IV  aavata  phcno- 
meuu  wi*  obaerred  in  Noiealxr  IBiS,  when  the  woibien  in  the  mines  of 
Pdnn  and  Fcnbei^  felt  no  movement  whataoetei,  whibt  abon  theii  heidi  • 
Tiolcnt  ahoi^  of  eaKhqiuke  ipread  terror  among  the  '■'■"l^*"'*'  at  the  auhM, 
OP'  StOO.— Sir  Alex.  Sumes,  "TiaTda  into  BoUm^"  ToL  i.  p.  18; 
Wathen,  "  M«m.  on  the  Usbek  State,"  in  the  Joonal  of  Oe  Aaiatio  Soo.  of 
BfDigBl,  Vol.  iiL  p.  387. 

(»)  p.  201.— Phil.  Trani.  ToL  iHr.  p.  414. 

0")  p-  £03.— On  tht  fntpeBtj  at  caithqoike*  b  Eaahmlr,  aeo  Tntjtf* 
tmuUtion  of  tha  ineicot  Radjatanngini,  Vol.  ii.  p.  107 ;  ud  Cni  torn 
Hngel'a  Tnvdii,  BIJL  S.  1S4. 

0^  p.  203.— Stiabo,  Lib.  i.  p.  100,  Cumb.  It  !i  eridoit  fWm  anothei 
paaaage  (Strabo,  IJb.  nL  p.  41S)  tbtt  &e  Eipreeaiaawi)KSv  Itor^sr  roraiiiw 
sigaiGee  Ian,  and  not  ernpted  mod.  Compne  'Walter,  nbet  AbnaLme  dw 
■■Ikmisehen  Olultigkeit  in  biitoriiehcai  Zdten,  1844,  S.  2E. 

(^  p.  !0E.— Bitchofa  nlndile  manoir,  WirmelehTe  des  innerea 
Srdkfitpen. 

C*]  p.  SOS. — On  the  artesitii  lln-welli  (Ho-tsing}  of  China,  end  the  anti* 
qnitj  of  (he  nae  of  poitaUo  gas  (carried  in  tubes  of  bamhoo)  in  the  dt;  of 
Khiimg-laehen:  ece  Elatnoth,  ian^  Atie  centiale,  T.  ii.  p.  519 — S30. 

(^  p.  SOS.- Bouisinginit  (Annnlea  de  Chimie,  T.  lii.  p.  181)  did  not 
lAune  any  hydrochloric  aod  in  the  eihaladons  from  the  volcanoes  of  New 
Rienada ;  wheieaa  it  wtt  fomicl  in  immenM  qooutitiea  b;  MoutiiieUi,  daring 
theenfti0nof  VesuTinsinlg|8. 

( ' )  p.  20S.— Humboldt,  Beoudl  d'Ohaerr.  iitronomiqaei,  T.  I  p.  S11 
RfinHIeinent  barome'triijne  de  Is  CoTilill^  de«  Andes.  No.  SOe.)  , 


.    (,*")  p.  206. — Adolphe  BroDKnisri,  ta  tbg  Anmlei  dca  Sdenees  natiw 
Celles,  T.  TT.  p.  22B. 

('")   p.   207.— Biachof,  WirmdcltTS  det  IniwTGn  Erdlrarpen,  8.    324k 
Anm.  S. 

(«0]  p.  20?.— Hnmboldt,  Ane  eentnle,  T.  L  p.  43. 

(^)  p.  SOS, — On  the  iheorj  of  the  bogeotliennal  lines  (dithoDiBothemulsj, 
MB  Uie  iagenioni  difcnuiaiu  of  KnpBfar,  in  Pi^gend.  Ann.  Bi.  xr.  S.  184,. 
and  Bd.  mdi.  3.  STO ;  in  liit  Vojsge  drae  rOnnd,  p.  38!— 398 ;  and  in 
the  Edinbni^ti  Jonnul  of  Sokoce*  (Sew  Seriea,  toL  iv.  p.  3SG).  Compara 
•Ito  Knmd,  Lehfb.  der  Meteor.  Bd.  it  S.  21? ;  and  on  the  riaing  np  of  lli« 
JKigeotEieniiali  in  moantoinona  conntriea,  ue  Biaeho^  S.  174 — 108. 
O  p.  208.— Leopijd  von  Bncii,  in  Poggeod.  Ann.  Bd.  in,  S.  405, 
f)  p.  203.— See  mf  BeL  hirt.  T.  ii.  p.  S2,  Tbe  tanperetore  of  drops 
of  nin  at  Chmunn  «u  22°'8  G,  (T2°-2  Fab.),  'hen  that  of  the  airna  SOO 
■nd  81°  C.  (ae°  to  88°  lUi.) ;  end  doriog  the  M  of  ninths  tsnpentnreo 
the  fir  nink  to  23-4  C.  (about  74°  Feh.)  The  initial  tHnpentore  of  Ub 
dropa  depends  on  the  hdgbt  of  the  etond  in  which  thej  are  fonned,  md  on  tlw 
heat  nhieh  iu  upper  aurbce  ma;  have  Rceiv«d  bom  tke  direet  dbet  of  the 
nD'snje;  bnt  thi>  Umperatnrc  alUn  dmii^  thar &1I.  Tha l^rat hca^  aet 
free  in  their  bimitioii,  ouuea  Uiem  to  hm  tt  fint  ■  t«npmlate  ntto 
■hova  tJkat  of  the  lurronnding  mediom ',  lod  aa  th^  paaa  timing  lower  and 
warmer  riiata  of  air,  thia  it  aomewhat  raiaed,  while  at  the  «ime  time  Uuir  aiie 
il  inereaaed  b;  the  condenaation  of  the  aqneona  vaponr  contained  in  tlioa 
tfiala,  (BiNboT,  Wuineldiie  dea  inneienErdkorpen,  8.78),  Hieincnaar 
id  tempentore  hom  the  eanie  deasribed  ia,  howmcr,  eompeneated  by  the  loM 
of  heat  which  the  drojie  nndergo  from  er^oratian  (com  thai  anrliv^  Apart 
(rom  the  eSbH  pmbabl;  dne  to  atmoephericr  dwthdl}  in  thunder  sbowtn 
the  cooling  influence  of  rain  m^  be  aicribed,  Snt  to  the  low  initial  tempo*- 
tore  which  the  diopa  have  acquired  in  the  hi^ier  lejwiu  of  the  atmoa^ia^ 
•nd  to  the  colder  aii  of  the  higher  atnita  whidi  the;  bring  down  with  than  i 
and.  laatlj.  to  erqioiation  from  the  wet  ground.  This  is  the  ordiusiy  conraa 
(f  thephKDomenon;  bnt  in  aome  r>i«  inetanee*  (Homboldl,  KeL  hiat  T.  iii. 
p.  GIS)  the  drops  are  vanner  Uum  the  lower  strata  oftheatmoqihcre  throng 
which  IJie;  tall  ^  this  ma;  possibi;  be  caused  either  by  wann  upper  cnrrenta, 
or  by  the  heating  of  an  extensive  Bur&ee  of  thin  clond  b;  the  ann'a  rqa. 
Aiago,  in  the  Anuuaire  for  1S3B,  p.  300,  has  ihewu  the  eouuedMi 
between  the  phEcnomenon  of  "  lupplementa:;  ninbowa,"  whidi  *i«  explained 
by  the  interferences  of  luninoos  rsj-t,  and  the  au  and  ioaefHing  bnik  of 
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fcning  ibrop*  of  r»n.  TMb  ingeEtoni  di»ciunon  alw  «liew«  how,  nnder  certuD 
<K»iditiona,  in  uwunlel;  observed  optical  pbsQameDon  naj  throw  ligiit  on 
difllcDlt  meteorological  phienoinens. 

(-"0  p.  208. — BoiL'iaingBult'»  reiearches  appear  to  me  to  leave  no  doubt  on 
■fjie  fiict,  lli»t  within  tte  tropica  the  temperature  of  the  ground,  at  stbtj  small 
depUi  below  the  mrhce,  eorreaponda  witli  the  mean  atmospheric  temperatore. 
I  sahjoiu  a  few  eiaioples  : — 


gtaliooi. 

'^^'C.'" 

Menn  tempers- 
tuteofUieatr. 

Elevation. 

G^jaqml      . 

78-8(1=  Fah. 

7186 

70-70 

64-78 

U'BO 

78-08='  PWl 
74-84 
70-70 
85-66 

se-eo 

0     Eng'ft' 
3443 
4018 
6930 
95S9 

Popayan   .    . 

The  donbt  reapecting  Oie  temperatnre  of  the  earth  witMn  the  tropits,  to 
wLioh  I  maj  mjself  hats  given  occasion  iiy  my  obaervaHona  in  the  caveaof 
Gnaripo  Cueva  del  Guacharo  (Kel.  hist.  T.  iii.  p.  IBl— 196),  is  removed  1^ 
iMosideiiBg  that  I  eomputd  tbs  pie«amed  mean  temperatore  of  the  air  at  the 
eonvent  of  C^pe  (18°-B  C,  85''-8  Fah.),  not  with  the  temperatnre  of  the  air 
iu  the  cavern  (which  was  18°-7  C,  or  ea'S  Yah.)  bat  with  that  of  the  sub. 
terranean  nviilet  (lG°-8  C,  or  6i°i  Fah.},  althoi^h  I  had  before  remained 
(Vol.  iii.  p.  164  and  194)  that  the  ntten  of  the  cavern  might  very  probabljr 
be  affected  bj  watars  coming  from  greater  tdghta.  [See  addition  to  note  139. 
--Editob.] 

(W)  p.  209.— &oassiiiganlt,intheAnnalesdeChimie,T.lii.  p.181.  Tlu 
tempciBtnre  of  the  spring  of  Chandea.Aignss,  in  Anvei^ne,  is  not  more  than 
80°  C.  (178°  Fah.)  It  may  alio  be  remarked,  that  while  the  aguas  calientea 
de  laa  Tiincberas,  south  of  Forto  Cabello  (in  Veneznela),  issuing  from  granite 
divided  in  beds,  show  a  temperatnre  of  07°  (208°'a  F.),  all  the  sponga  on  tbs 
still  active  volcanoes  of  Pasto,  Cotopaii,  and  Tongutagua,  hove  tempcratujc* 
of  only  36°  to  54°  C.  (98°-8  te  129-°2  Fah.) 

(^  p.  210.— See  the  dcscriptima  of  the  Kaisoljs  (He  ibnnlain  of  St.. 
Nicholas),  and  of  the  Castalian  spring  at  tlie  fbot  of  the  Hediiadea,  in' 
Faosanias,  i.  24 — 6,  and  i.  3 — 9  ;  of  the  nrauean  eprii^  (Acrocorinthua), 
iiStraba,  p.  379;  of  tliat  of  Eiaainoa  (on  the  Giaon,  sontli  of  Argot),  in 
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Ui;rodatiu,  ri.  6^,  and  VtaaaiiM,  ii.  S4,  7  i  of  thoM  of  JESeptm  in  Enba  (of 
wbich>aiDBh*veakinpBntaTeafSl°C.  {ST^l  Fah.,)  and  othiin  of  02°  t* 
TS°  C.  (oc  14S°'e  to  liTO  ?,)  in  Stnbo,  p.  60,  447,  uid  Atimnui,  a, 
S,  73  ;  the  hot  ipringi  of  Theimopfla,  it  tha  Ibot  of  Haunt  Oeta,  having 
•  tcmiHirEtiin  of  05°  C.  (140°  YA^)  tn  described  by  Pauianin,  i.  21,  8.— 
Theee  refeteacsa  m  tilna  from  muuiusapt  nota  of  Profiosor  Curtiiu,  Ha 
learoed  ttsTelling  compMiian  of  Otfried  Huller 

n  p.  £10.— l*!!!!.  iL  lOS  1  SoiDCB,  Epirt.  79,  f  S,  ad.  Knhkopf ;  Beas- 
liirt,  Sprvq'  of  the  Coaat  of  KaralnBiiia,  ISSO,  art.  Tanar,  near  Deliktaah,  Qw 
annaitt  Fhuetia,  p.  ti,     Gimpon  UkewiK  Cteaiai,  Kagm.  cap.  i.  p.  2S0,  ed 
Bihr  1  and  Stralx),  lib.  lir.  p.  SflS,  Cauub. 
(^  p.  211.— Ango,  Anniuire,  18311,  p.  234. 

C")  p.  211.— AcU9.  Fatricii,p.  G5S,  ed.  Ruinart,T.ii.  p.9BB,MuodiL 
Snreaa  de  la  HiUe  Brat  eaUad  atteaUoa  to  this  remarkable  paaaoge.  in  tb* 
"  RecbecchM  mi  la  Topognqdue  de  Caitiuge,"  1S35,  p.  276.  (Compan 
Seueoa,  Nat.  Qiueat  iii.  24.) 

(?«)  p.  218.— Humboldt,  ReL  Mat  T.  iiL  pp.  562—597  ;  Aaie  centrale,  T.  1. 
p.  4S,  T.ii.  PP.&05— Glfii  Yam  dea  Coidill^re*,  PL  di.  Ou tha  Uacalahi  (Ihai 
the  Ajabic  Makhlub,  orertiirnEd,  from  the  root  Kbalaba,)  and  on  "  fluid 
euth  iuDiDg  &om  the  Earth,"  aee  BolinlM,  eqk  t.  ;  idem  ager  Agrigaituiai 
emctat  limoaaa  Motariginea,  at  at  veue  fonliom  aufficiont  riria  mbminiativiidi^ 
its  in  hao  Sidlim  patte  ado  nnnginTn  daflciente,  Kterua  r^tedatiaiie  temm 

C")  p.  214.— SMtlieexoeDent little m^oftbeiBUadofNiijioa, in Boaa, 
Qdsen  anf  den  grieduMdiai  Inadn,  Bd.  a.  1S4S,  S.  6B. 

(*")  p.  215. — Leopold  Ton  Buofa,  H^  Bcaehreibung  (bs  Canariscbaa 
Inaeln,  S.  326 ;  and  the  aame  author,  Sber  Eiliebuiigacratere  und  Vnleane,  in 
Poggend.  Ann,  Bd.  mvii.  S.  169.  Sbabo  diitinguiahea  extremely  well  between 
two  modes  of  fonnatian  of  idanda,  Kben  he  ia  apeakiiig  of  the  aepaiation  of  Sidly 
from  Calabria,  Ijb.  tL  p.  SBS.  Caaanb.  He  aaya,  "  Some  islanils  are  detached 
parte  of  the  maiu  land ;  othera  have  been  laiaed  from  the  bottom  of  the  ae% 
■■  we  alill  see.  The  islanda  of  the  open  aea,  i.  e.  those  br  from  the  iluii^ 
have  probably  been  ruaed  from  tbe  bed  of  tlu  lea ;  and  thoaa  aitoated  sen 
piomontoriea  have  been  detached  from  the  main  land." 

P*)  p.  216.- Ocre  Fiioie  (Mona  VMimna.)  The  word  atrt  ia  tnie  Uib 
biian,  and,  accardiag  to  Festui  himself,  ugnifiee  "  monntain"  in  tlie  andeot 
0mbzian  lau^^iBge  (lAaaen^  Dantuug  der  £ugahuuMlMi  Xa&Iiii  im  P***"f  ■ 
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l/liatam,  ISSS,  S.  8ST).  IT,  Mcording  to  7«m,  Ain^  u  of  Qnriia  origin, 
«iid  connected  witb  bi8*  or  oifiTM,  £tiu  would  rignifr  »  barning  snd  aliinmg 
numntain  i  but  tlu  leuned  Pirthey  doubts  tlis  GreoilD  origin,  both  from 
etymological  conriderationB,  and  ska  becaiue  JEinx  could  not  lure  been  • 
beacon  ligbt  tor  Greek  nwrigitoi  md  travdloi,  ^kt  the  contiiiiwllf-ectin 
volcano,  Stnnnboli  (Strau^k),  vhich  Homer  fgtut  to  rebr  to  in  Um 
Oiftaj  (lii.  08,  20S,  and  £10),  alUumgb  the  geoKraphicd  poaition  ia  imly 
naj  TBgucl;  indicated,  I  ima^ne  thit  the  word  M^  woold  man  jwobtUf 
Ik  bond  to  belong  to  the  language  irf  Uie  eodeit  JSionli,  if  an;  conaidenU* 
portiimi  of  it  were  in  our  poaaesiion.  According  to  IKodoma  (v.  fl),  At 
Skaoi,  who  were  the  iboriginal  inhabitants  o[  Sicil;  befbca  the  airivil  ot  th* 
Scnli,  were  EwMd  bj  the  enipttoni  of  Jltni,  which  laated  sevoal  yeara,  te 
take  rethge  in  the  weaton  part  of  the  eaxattrj.  Hw  oldest  recorded  onptaon 
q(  Mtm  ii  that  mentioned  bf  1%^  and  MKh,j\v»  as  baTing  taken  place  in 
tiiB  reign  of  Hiero,  in  the  aecond  jeer  of  the  TGth  Olympiad.  Hesiod  was 
probabl;  aware  of  deraitating  ernptioiia  of  JEbat  hating  oecuired  previoua  to 
the  Gttek  ntUemenls.  Tliere  are,  howenr,  some  donbta  respecting  the  woti 
Alm^  which  I  have  disonsaed  at  some  length  in  m;  IJiamen.  critiqae  da  It 
Qeogtaphie,  T.  i.  p.  IAS. 

p')  p.  215.— SeMML,  Kpiit.  79. 

(^  p.  aiS.— JEHan.  Var.  hist.  nii.  11. 

P*}  p.  218.— Petri  Bemhi  Opnacuk  (£bu  Dialogna),  Banl.  lEM,  p.  fl3( 
"  Qnicquid  in  ,J!tnee  matris  nteio  coaleadt,  nunqnam  ent  ex  cntne  inpeiiora 
qnod  vel  eo  iiieendeie  gravia  materia  non  queat,  tcI,  quia  inferina  alia 
apiiamenta  aunt,  nan  St  opni.  Detpmoant  flMnmiii  urgentibua  ignd  riri  pigio 
flnifl  totas  dekmbcntea  plagaa,  tt  in  lapidon  indurescunt.'' 

C^  p,  218. — Seemjdrawinp  of  the  volcano  of  Jonillo,  of  it*  "Hranitoa," 
•nd  of  the  upraised  Malpuja,  in  tiie  Tnes  dea  CordillJrea,  PI.  iliii.  p.  £89. 

^  p.  219.— Humboldt,  Easu  Bar  U  Get^rapMe  dea  Flantes  et  Tablean 
pbyaqne  ie»  Segiona  ^oinoiiales,  ISOT,  p.  130,  sod  Ewai  geognoatiqoe  mr 
le  gisement  des  rocbea,  p.  S21.  A  consideration  of  the  gnatar  p*it  ot  the 
ToletmoeB  of  &e  Island  of  Java  ia  lufflcient  to  shew  that  the  entire  (beenee  of 
lata  cuRCDta,  during  a  period  of  iminterri^ted  acting,  cannot  be  aainibed  to 
(he  fonn,  aitnation,  and  absolnle  elevation  of  Qie  mountains.  {Fide  Leop. 
*on  Buch,  Descr.  phye.  de*  Ike-Clliiria.  p.  419  i  Beinwardt  and  HofltaunDa 
toPt^gend.  Aaa.  Bd.  lii.  S.  607). 

^  p.  221.— See  tha  eompariaon  ot  aj  n 
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flaiBnire  and  Earl  JGnta,  klhe  Abimndtangen  der  Aetulemieder'Wiss.  im 

Beriin  aus  den  J.  1833  and  18S3.  S.  SO. 

C")  p.  S2a, — Kmelodea  cyclopnm,  pwb  Humboldt,  Recaeil  d'Obsenationa 

de  Zoologie  et  d'Anatoinie  compuree,  T.  l  pp.  SI — 35, 

f=")  p.  324.— Leop,  Ton  Bniih.  in  Poggend.  Anp.  Bd.  uirii  S.  179. 
P^  p.  234. — Oa  the  cbemiail  oiigia  of  siKcolu  iron  in  Tolcanio  masses, 

tee  tlit^berlich,  in  Pt^gend.  Ann.  Bd.  it.  S.  630 ;  and  on  the  dlsei^;agc- 

ment  of  bydrochlorio  acid  gas  in  eisteis,  see  Qi^-Lasiitc,  in  the  Annales  d« 

Chimie  at  da  Phj^que,  T.  ttjI,  p.  423. 

(°^  p.  226. — See  the  fine  eiparimenls  on  the  coohng  of  masgea  of  Etone^ 

in  Uiachaf*  Wamelehre,  S.  SS4,  443,  SOO— 512. 

O  p.  228.— Barwlioa  and  Wohler,  in  Pof^end.  Annalen,  Bd.  i.  S.  221, 

and  Bd.  li.  S.  140 ;  Oaj-Lnssoo,  in  the  Annales  de  Chimie,  T.  iiiii.  p.  423  -. 
Biacbo^  lUasona  againit  the  Cliemica]  Theoi7  at  Toleanoea,  in  the  Engliab 

^tion  of  hi!  Wiirmelehie,  pp.  297—806. 

^)  p.  237. — In  Plata's  geognostiral  ideaa,  as  dereloped  in  the  Phcedon, 
Ibe  ^riphl^;ethon  plays  n«arlj  the  same  part,  in  reaped  to  the  activity  of 
vnleanoes,  as  that  whieb  we  now  os^gn  to  the  latcrnsJ  heat  of  the  globe, 
increaaing  wiUi  increasiog  depth,  nod  to  the  etate  of  fiman  ct  the  deeper 
•tratA.  (Ph^OD,  ed  Ast.  pp.  603  and  607,  Annot.  pp.  803  and  817). 
"Within  and  around  the  Earth  there  are  subterranean  cliBmicls  of  varioos 
magnitadBS.  Water  Sows  through  them  abimda^tly,  sa  do  currents  of  Srt, 
and  streams  of  liquid  mud,  mots  or  Icsa  impute,  like  the  flow  of  mad  whicl^ 
in  Sicily,  precedca  the  issuing  forth  of  tcirents  of  fire,  both  alike  orerwhelroiDg 
every  tiling  is  their  path.  The  Fyiiphlegelhon  poura  itself  into  a  wide  q;>nc^ 
wHere  a  strong  firs  hnius  fiercely,  and  it  there  fonns  a  lake  larger  than  unr 
aea,  in  whioh  the  water  and  mnd  are  always  boiling;  and,  re-issuing  thence, 
it  rolls  its  troubled  and  muddy  waves  around  the  earth."  This  river  of  molten 
eaith  and  mad  is  bo  far  ths  general  source  of  volcanic  pbainomens,  that  Plato 
says  expressly,  in  his  coutinantion,  "  Such  is  the  FyriplilcgetbDn,  of  which 
the  fiery  cnrttnta  (oi  puntii),  wherever  thcj  are  found  on  the  earth  (oin)  oa 
nxa"!  fv'  yviii  are  a  part.  Volcaaie  scoria  and'  currents  of  lava  ara 
therefore  regarded  as  parts  of  the  Pyriphlegethon  itself,  or  of  a  subterranean 
multfin  mass,  in  continued  motion,  in  the  interior  of  the  earth.  That  m 
pBoim  ligoifies  lara  currents,  and  not  "  flre-ig'ecHng  aonntaiiilv''  as  Schndd^, 
Fassow,  and  Schhnemuicher  would  suppose,  is  evident  (hnn  many  passages,  ot 
iriiich  part  have  bean  hiought  togethef  by  Ukert^  (Gcogr.  der  Grieshea  Tmd 
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Bfimer,  111.  n.  1,  8.  £00).  rwi{  u  the  TOlawic  t>bKdomfnMi  taken  in  id  nou 
■triking  fnitore,  oamelf ,  the  lava  enrrent :  hence  Clie  BigHvuion,  the  puuirtt 
of  d^na.  Anstol.  Minib.  T.  ii.  p.  833,  uet.  S8,  Bekkar;  ThncTd.  iu.  116  ) 
Theophr.  de  Lap.  22,  p.  427,  Schneider ;  Diod.  t.  6,  and  liv.  llB,ithentha« 
■re  tbe  renitriulile  word* :  "Tlanj  towiu  near  the  ms,  and  not  br  froa 
,£tna,  line  been  dedtrayed,"  inre  tou  iEii\i>HfHvsv  pvant ;  Stnbo,  vi.  p.  £40, 
liii.  p.  628 ;  on  the  celelnated  "  borning  mod"  td  the  Lelintiiie  plalni  tn 
Enbia,  tea  L  p.  68,  Canah.;  and, lastly,  Appian.de  bel]Deivili,T.  111.  Tim 
•enanre  whidi  Aristotle  (HiSaar.  iL  2,  10),  paaia  on  the  geognoitjcd  bomt 
in  Phsedon  only  appliea,  strictly,  to  tbe  origin  of  the  riven  which  Bow  on  Om 
■orface  of  the  £arth.  We  cannot  but  be  itrnck  with  Plato'a  distinctly 
vipreatrd  aasertion,  tint,  in  Sicily,  "bnmid  emiasioni  of  nnd  preetdt  tbrS 
burning  ■treams,"  or  coirenta  of  lava.  Htj  we  suppose  that  npilli  and  ube*, 
fonned  into  a  paste  by  melted  snow  and  water  dnring  ■  colouo-electric  stona 
(ner  the  crater  of  emptiaD,  may  have  been  regarded  as  erupted  mod  ?  or  is  it 
not  more  probable  that  Plato's  strauns  of  Hquid  mud  are  mere  reminiscence* 
of  the  salses  (mud-volcanoes)  of  Agrigentum,  whicii  gect  mud  with  a  lond 
noise,  and  have  been  noticed  in  Note  210.  We  hare  to  r^ret,  ou  tbis  sub- 
ject, among  the  Qaay  lost  writings  of  Theophiastus,  the  loss  of  one  "  on  the 
volcanic  enrrent  in  Sicily,"  (w<fH  nv  fvwcos  ty  SuctAta),  mentioned  by  Diog. 
Uat.  V.  SB. 

'  ^  p.  £88.— Von  BwJi,  Fhysikal.  Bescbreib.  der  Canarischen  Intelo, 
8.  S!A— 407.  I  doubt  the  correctneH  of  the  view  to  whidi  Darwin  appean 
to  inclinn  (Geological  ObsCTTstiona  on  the  Volcanic  Islands,  1841,  p.  127)  i 
according  to  which,  eentnil  volcanoea  would  be  legarded  generslly  as  ahort 
Tolcaiuc  chains  over  parallel  Gsiurea.  Hoffmann  had  atready  supposed  that 
in  the  group  of  the  Lipari  Islands,  wlitch  he  hai  ao  well  described,  and  in 
the  two  ftBsnrea  of  eruption  which  interaect  near  Panaria,  lie  bad  fonnd  an 
intermediate  hnk  between  Von  Bnch's  central  rolranoes  and  volcanic  chains 
(Poggend.  Ann.  der  Physik.  Bd.  nvi.  S.  81—88). 

P')  p.  2E0.— Hnmtwidt,  Geognoet.Beob.  iiberdiBVulkanedeaHocUandes 
von  Onito,  in  Poggend.  Annalen,  Bd.  iliv.  S.  191. 

C^  p.'220. —  Seneca,  in  ipcaldng  veiy  pertinently  of  tbe  problematicat  lower* 
ing  of  Mount  Mtsu,  says,  in  his  7Bth  tetter :  "  Potest  hoc  accidere,  nou  quia 
Kontie  altitude  deaedit,  sed  qois  ignis  evauuit  et  minus  vchemens  ac  largui 
eSMur :  oh  emdem  cansam,  fiuno  qooque  per  diem  segniore.  Neutrum  anlem 
incredibilB  est,  nee  montem  qni  demctur  quotidie  minui,  nee  ignem  Don  manen 
tundem ;  quia  non  ipse  ei  ae  est.  Bed  in  alique  interna  vsDe  conceptna  euestnat 

VOL.  I.  -  G 


IzXVi  VOTES. 

•t  iliM  p«s«itni  I  w  ipM  inoate  nan   ilimentam  habet  9«d  nam,"  (El 

Hnhkopfiana,  T.  iii.  p.  32).  Strabo  dialiiictl;  lecograaea  tbe  probabtis  eiiBt- 
mce  of  *  subterranean  canunanicaldoD  betweai  tite  volcanoea  of  Sicily  and 
thote  of  Upaii,  Pithanua  (lochia),  and  VouTioa,  "  whicli  ve  majr  anppoae  bad 
gnce  been  a  fieij  craler."  He  speaki  ot  the  whole  diathct  as  "  undenoioed  bf 
fro"  (Lib.  i  pp.  £47  lad  248). 

^  p.  22e.~HQmboldt,  £asai  pditiqne  idt  la  Noavelle  Espapm,  T.  i. 
pp.  173—176. 

^  p.  230.— Orid's  Detcriptioa  of  tfas  Etevatiim  of  Mcthone  (Metamoipk 
av.  2efr~S0G),  runs  tjins  :— 

"  Est  pmpe  Fitthoun  tomuIiiB  Tnczcmi  sne  ullia 

Ardims  arboribna,  qnoadBm  planUslum  campi 

Area,  amic  tonmliiB ;  nam — tea  hoiretida  relata" 

Til  fen  venlonun,  etecii  iucloaa  csierni^ 

EiBpirare  aliqoa  cnpieos,  tnctataqne  &iistn 

Ijberiore  Eroi  ccelo,  cum  caroere  lima 

NoUa  lutet,  toto  nee  penia  Sulibus  esset, 

Exteatam  tnmefecit  hnmnni ;  cea  apiritos  ona 

Tendm  ndcam  eolet,  aut  dinpta  liiconi 

T^a  capro.     Tnmor  ille  Icxi  permanait,  et  alii 

ColliB  habet  gpeciem,  loi^oque  mdumit  levo." 
fiiu  geologicalty  iinportsnt  description  of  the  npbeaving  of  a  bd  <h'  doow- 
Juped  elevation  on  the  mainland,  agieea  remarkably  irith  that  givBD  b; 
AriBtotle  of  the 'upheaving  of  an  island  of  eruption  (Metets.  iL  8,  IT — 19.) 
"  The  Ksrtli  continuea  to  tiemble  nntil  the  wind  (oHfist)  which  caosed  tbe 
tronbling  has  made  its  way  through  and  eacaped  from  the  ground.  lliiB  a 
What  happened  latelj  at  Hereelea  in  Pontne,  and  fDrmaly  in  Bieta,  one  d 
the  .£olian  ielauda.  At  Hiera,  part:  ol  the  ground  waa  inflated,  and,  with  a 
land  noise,  rase  into  a  bill,  nntil  the  "  strong  brcatlk"  (rriviuii  found  an 
outlet.  It  then  threw  obC  sparks  and  asbea,  which  covered  the  nei^ibouring 
town  of  the  Liparians,  and  even  reached  some  tl  the  dties  of  Italy."  Thi> 
description  distinguishes  very  well  between  the  eruption  itself,  and  the  inflitin 
nul  npheavit^  of  the  gnnmd  by  which  it  was  preceded.  StiDbo  describeii  Uu 
jduEnomenon  of  He^ne  (Lib.  i,  p.  59,  Casaub.)  as  "  an  eruption  of  flsmc^ 
in  which  a  volcano  was  raised  to  a  height  of  seven  stadia  (?).  In  the  d^  it 
«■■  inaccessible  &om  the  heat  and  ibe  smell  of  sulphori  bnt  m  the  piibl 
it  had  a  frsgrant  odour  (?).  The  heat  was  so  great  that  the  sea  boiled  for  a 
distante  of  five  (tadia ;  end  twenty  stadia  o^  the  watios  were  disturbed  isd 


^maiX'AljOitMitflqt'ieitnfntBtt  of  nA."  Bopa^ng  the  pment 
Muuenb^ual  coiutitatian  of  tke  peninaoli  of  MctiuDi,  we  fWler,  BciM 
domh  Grieehenlmd,  TL.  L  3.  257—263. 

^)  p.  S30.— See  Leo^  Tim  Bncb'*  FbjKk.  Btaichr.  dcr  Cuur.  Iiudn, 
S.  3St — SS9,  and  puticoluir  tlw  Fnoek  b-iuulation  of  thia  acellent  woik, 
p.  403 ;  ud  Van  Bsuk,  ia  PoggeodofTi  AniudeD.  Bd.  uitu.  S.  1S3.    In 


within  the  crtUz  at  Sutorin.  Id  ISIO,  it  ma  «tiU  IB  btliaau  bdow  Um 
Kubceof  Uuhm;  tai  in  ISSO,  hid  riiea  to  witluD  3  or  4  bthomi  of  Uw 
■urfaoe.  Its  aidn  an  neidj  pafradiailar.  Tht  continued  aetivitf  of  tba 
EobmnnDe  enter  ia  muufratad  bj  tlie  mixtara  of  inlphDreaiu  guea  in  the 
mtera  of  the  eaiiern  bejr  of  Neo-Kaznmeni,  u  it  Viomolimni  near  Methio*. 
Coppet-boMomed  ahiiw  cut  udior  ia  the  bi;  for  the  purpoie  of  cleannig 
and  lepoliahing  theii  ooppv  iheiHung  hj  Oat  mbusi  (or  lolinnic)  prooeM. 
^rlet,  in  the  Bull,  de  U  SadAi  g^okp^  de  France,  T.  iiL  p.  109 ;  nod 
Fiedlo',  ReiM  duid  Grindicaluid,  Th.  ii.  S.  M9  ud  S84. 

1?^  p.  830.— The  qipemiUM  irf  the  new  idiiid  neu  St.  Michwl,  utke 
Asona,  took  plice— June  11, 16^8  ;  Deeanhm  81,  1719 1  June  13,  1811. 

^  p.  231.- FriroA,  in  the  Bulletin  <b  1*  SoatU  gjologique,  T.  ii.  p.  84 1 
HoStaunn,  Hinteriunne  Wctke,  Bd.  iL  S.  451— 15S. 

^)  p.  231. — Acoeilunt  ridni  et  perpetoi  JBtaa  numtii  ignea  et  insolinm 
JBolidum,  Tclnti  ipua  nndii  alitor  inccudiom ;  neque  eniu  iliter  doisre  tot 
lecfllii  tnntn*  ignia  potniiaet,  nis  hmnoria  nutrimratii  ilraehLr"  (Jnatii, 
Hist.  Philipp.  It.  I).  This  jdijiicaldescriptiDn  of  Sicil/ commences  with  iverf 
•Muplicitad  nJcuue  theory.  JDeep-seeted  heda  of  aolphnr  md  reanj  ■  lei; 
thin  sail,  (dQ  of  (svitieB,  uidTeiysabjcct  toftiaares;  a  gmt  agitstiaa  nuued 
b;  the  wiraa  of  the  lei,  whidi,  la  Uuy  beat  igBioat  the  ahore,  dm  dowa 
with  Ihem  the  air,  canDug  ■  wind,  which  Uows  Uie  fire,  ire  tba  etw^nt* 
of  Tcogoi'a  Iheor;,  The  incicnta  ^bablf  oonnectcd  the  idee  of  the  wind 
bdng  forced  into  the  intenor  of  the  Earth,  there  to  act  oa  the  vokaoic  flre^ 
Willi  the  influencB  which  thty  escribed  to  the  directian  of  perticolar  windi  on 
he  degree  of  Tolonic  adiiitj  of  ^ui,  Hien,  lod  Strranboli  (see  ■  re. 
markeble  passage  in  Strabo,  Lib.  vi.  pp.  275  end  27B).  The  ialind  of 
Stromboli  passed  for  the  dw&Uing  of  .Xolua,  "  the  r^Dlalor  of  the  winds," 
because  mariners  predicted  the  weitber  bom  the  degree  irf  lideiiee  of  thn 
CTuptiona  of  the  Tukmia.  Some  eoDDCction  between  the  cruptiaoa  of  bduH 
■olcanoea  and  the  direction  of  the  wind  is  generally'  admitted  at  the  present 
time  (Von  Bnch,  Dceca*.  phjrs.  dea  Islea  Canaries,  p.  334  ;  HoBmann,  in  Fogs. 
Ann.  Bd.  uri  S.  B^  although  ou-  knowledge  of  valcanie  phienomew^  lOd  Om 
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tm>ll  tariationi  of  atmoapheric  pnssnie  which  ■ceompmy  £irereiit  winds,  we  St 
from  enaUing  ui  to  uii^,  m  yet,  anj  Mtii&ctorj  eipUnition.  Bembo,  wb* 
mt  edacattd  in  Sicdlj  bj  Graek  ntageta,  hu  giTen  m  >  plcuing  relatkni  irf  hb 
joolbfiil  mmderiiigi  in  hit  ftni  Diilogiti,  mitten  is  the  middle  of  the  nitonlb 
eentuij,  in  n&ich  he  ptopoDudi  the  theorj  ot  tbe  intrDduction  of  bcb  water  la 
befocna  ofTolcanicactKi^,  loduf  the  neocasitf  of  Uie  ismiiiml^  ot  Ukm* 
In  the  taistence  of  active  Tolcanocs.  During  the  aieent  of  .£taa,  the  fcdlowing 
qoeatloiu  were  proposed : — "Ei]dinapotiiu  nolriaqnn  petimna,  es  ineeadii 
imde  oriantor  et  arts  qnonodo  perdDimtP  In  ranni  teilnie  nnaiHam  rn^ma 
fiatuLe  ant  meatos  ampliona  sunt  quam  in  kicia,  qate  tcI  man  vidiik  amt,  Td 
a  man  protiniis  illnDntar :  mare  erodit  ilia  bcillime  peigitqne  in  TisMn  tnne. 
Ilaqoe  earn  in  aliena  i^a  nbi  tiam  &ei*t,  rentit  etiim  beat ;  ei  quo  St,  at 
loca  qnaque  mariUma  maiime  len«  motibna  enbjecta  aint,  penm  inedite> 
lanea.  Habea  quam  in  aultiiria  Tenaa  leuti  furentea  inciderint,  node  inceodia 
oHuitnr  JGtnie  toa.  Videe,  qiue  mare  in  ndieihua  haheat,  que  anlfurea  ait, 
que  caTemoes,  que  a  nuri  aliqaando  perfuita  Tcotoa  adiniaerit  teatoauti^ 
per  qnoa  idonoa  flammv  mBtariea  iDmnderetnr. 

(^  p.  28S. — Compare  Gaj-Lossac,  "  anr  lea  Voleana,"  in  the  Annaies  d* 
Chimie,  T.  nil.  p.  42? ;  and  Biuhof,  Wirmeldue,  S.  872-  The  amptioni 
of  amoke  and  of  aqueoua  vapour  whidi  have  beat  acen  at  different  times  round 
Lanceiote,  Icetand.  and  the  Kmile  ialanda  dnring  emptious  of  tiie  neighlKmrin; 
Tolcanoea,  ahow  a  reaction  of  the  vojcaiiia  foei,  in  whieh  tbe  hjdroatatia 
pKsnireoftiie  walejs  of  the  adjacent  sea  ii  overcome  by  tbe  greater  eipanain 
Garce  of  the  vspoon  or  gaaes. 

<^  p.  2e2.— Abel-Bemmat,  Lettre  L  M.  Cordier,  in  Ibe  Annaka  da 
tiines,  T.  T.  p.  187. 

<W)  p.  «S«.— Hnjnboldt.  AaiB  centtale.  T.  ii.  pp.  80—88, 38—52.  70—80. 
ud  4M — 12S.  The  eiiateoce  of  active  volcanoes  in  Kordoha,  GIO  milca 
bom  the  Bed  Ses,  hu  been  recentlj  contnulicted  by  IL^peli  (Reiaeu  ia 
Nobien,  1820,  S.  151). 

^  p.  234. — Dnfreno;  el  Me  de  fi«aiunont.  Explication  de  la  Cart* 
-giolo^qae  de  la  Tnmee,  T.  i.  p,  BB. 

P")  p.  284.— Sophod.  PMloct.  v.  971  and  972.  On  the  supposed  epoA 
of  the  eiliaction  of  the  "Lemnian  fire"  in  the  time  trf  Aleiander,  mmjiai* 
Bnttnuinn,  in. Museum  der  AltalhnmswiBaensdiaft,  Bd.  i.  1807,  S.  2BS, 
Dureau  de  la  Malie,  in  MalU-Bnm,  Annaies  dea  Voyages,  T.  ii.  1S09,  p.  S ; 
Ukert,  in  Bertuoh,  Geogr.  Ephemeriden,  Bd.  mil.  1813.  S.  861 ;  Hhod^ 
Bes  LemnicBS,  1829,  p.  8;  and  Waller  ubar  Abnahme  der  vollioisdiai 
llatigkeil  in  histomcban  Zeiten,  ISM,  S.  S4.    Choiseul'a  Chart  of  Lemno* 
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■mAm  it  ttppf  Teij  [mbabb  thit  botb  Hie  eltinct  enter  of  Hcsfcbloa  anrl 
the  i^lmd  of  ChiyM,  tlu  deiat  UntatioD  of  Pliiloctetet  (Otfried  MuUer, 
Minfer,  S.  300),  hiTe  beea  long  nndkniTAd  up  b;  (lie  ks.  Bcob  and  shoali 
to  tbe  Dortli-eut  of  Lemnoa  itiU  iodicate  tlw  pltce  wbere  tlie  M^exa  Sea.  once 
poewsaed  in  octiTe  Tdcmo  limilar  to  Mba,  Tteavius,  Stromboli,  md  Volcano, 
[The  lut-named  momitAin  is  of  Uie  lipaii  g^oup  of  islandi.] 

C")  P-  S3^- — Canaan  Banmrdl  and  Hoffinum,  in  Poggend.  Ann. 
Bd.  ni.  S.  (107 1  leop.  von  Boeh,  Deeer.  des  Qa  Canariea,  pp.  424 — 126. 
The  emptiong  i^  argHlaeonu  mud  bom  OngnsiraZD.  when  that  tdIcmiO  waa 
aestTDfcd  in  1698,  the  I^idaaalaa  of  IgnalaU  and  tSu  Itajh  at  FdOeo  on  the 
table  land  of  Quito,  am  Toleaaio  pluesomeua  of  tlie  nme  kind. 

C")  p.  S36.— In  a  proflla  of  the  diatriet  roand  Tennieo,  TototdiM,  aiid 
Idtiran  (AUaa  g^.  et  fbjt.  FL  vii.),  which  I  dcaigned  originallr  (1803) 
for  an  ii^£ted  work  (Puigrq^ia  geognoatica  deitinida  al  dm  de  ka  Joveuet 
del  Colegio  do  Mineria  de  Heneo),  I  applied,  at  a  lat«r  period  (1S82),  the 
term  ndogaioia  (generated  in  the  interior)  to  empted  plotonie  and  volconii^ 
rorlu,  and  aco^emmi  (generated  externalljr  on  the  sniiice  of  the  globe)  (o  the 
Bedimeutai;  roi^  In  tike  gnphical  ifstem  which  I  adopted,  tlie  first  men- 
Honed  claaa  of  rocka  wen  indicated  bj  an  arrow  directed  upwards  f,  and  tht: 
eii^ienoue  bj  an  arrow  directed  downwards^  .  Theae  marks  appear  to  me 
to  be  at  kait  lea  muigMly,  than  the  mode  in  which  the  eruption  of  mBases  of 
baeolt,  porphji;,  and  qmi^  ud  the  penrtration  of  sedimentaiy  atrata  b; 
them,  are  often  lepreaented  by  Ignre*  of  aaeending  vdni^  which  are  drawn  in  an 
erbitrar;  manner,  and  wiQi  little  eonfbnnit;  to  natnre.  He  nunea  proposed 
in  the  paaigraphioo^eognoitical  aeetitm  wen  tallEn  fhjm  Deoandolle'e  balanical 
Domenclatun — endogenona  tbr  manooo^ledonona,  and  exogenous  {or  djcotjle- 
donons  plants ;  Mohl'a  more  accurate  analysis  of  planta  haa,  however,  shewn 
(lut  it  is  not  atrid^  and  genraally  tine,  that  monocctyledones  increaeefrom 
within,  and  dyoo^kdonea  from  withont.  (link,  Elementa  philosopbiEe  Bota- 
niiae,  T.  i.  1SS7,  p.  SST  i  Endlicher  and  Unger,  GrundzDge  der  Bolanik, 
1848,  S.  89;  and  Josaian,  Traits  da  Botanique,  T.  L  p.  85.)  Tbe  rocka 
whidi  I  haiB  called  endogenoiu,  are  designated  by  Ljetl,  in  his  Frindplca  of 
Occdogy,  lB33,V.iii.p.  374,  hyllieohancl<ristioeipresaionof"iietberfonned" 
or  "  hypogene  rodta." 

(^  p.  238.— Compare  Von  Bn<*,  nber  Dolomit  ala  Gebiigaort,  1B2S, 
E,  36 ;  and  the  same  writer  in  the  Abbaodl.  dv  Akad.  der  'Wiasenaeb.zli 
Berlin,  1842,  pp.  ES  and  S8  ;  and  in  the  Jiihrb.  fiir  wisBenachafUicbe 
Kritik,  1840,  p.  195 ;  im  the  degree  of  fluiditj  to  be  attalmted  to  plalonia 


nda  it  tlie  timB  of  their  snptvn ;  m  wtU  ttantin  tniiffbrnntkm  ot  kM 
iaia  gnOH  by  the  ution  of  gnnilc,  «nd  of  the  lubitaiiDa  acrampanyiag  Hm 
.mption. 

p^  p.  237-— Thrwiii,  Tolame  Idraili,  1944,  pp.  4B  snd  164. 

^  p.  238.— Honsn  de  Jonofa,  HLat.  phya.  dei  Antilies,  T.  i.  pp.  181^ 
IBB,  inil  643.    Hmnbddt,  Rdatkm  iMorUfie,  T.  iii.  p,  867. 

^  p,  £38.— Neu  Tegniia.    Leop.  tod  Boch,  Comtuehe  laaelii,  S.  SOI, 

^  p.  238.— Leop.  ron  Bndi,  Can.  Iiudn.  S.  9. 

C^  p.  339.— Branhanl  Cotb^  QeogDod^  1889,  S.  2TS. 

^  p.  23V. — Ledp.  nm  Buch,  uber  Qaidt  and  Gaemt  in  den  AbhmdL 
der  BerL  Almd.  am  d«m  J.  1842,  S.  60. 

f)  p.  299.- Ilha  mont  mouea  of  giaiHo  nor  Laks  Kdimi,  divided  into 
mnioenHa  parallel  beds,  oontain  tav  txjAtU  of  titasiiim ;  feldapar  ud  aDiita 
pndominatc.  HombolJt,  Aiie  ecntnle,  T.  L  p.  SBS;  Onatav  Boae,  Bets* 
nadi  dem  Ural,  Bd.  L  S.  62i. 

(^  p.  239.— Humboldt,  Rekt,  hid.  T.  il.  p.  99. 

^)  p.  2S9.— See  in  Boae'a  «oA  aboie  citad.  Td.  i.  p.  GB4.  the  plsn  of 
Biri-tan,  whidi  I  drew  ftom  the  aonUi  aide,  *4ece  (bo  Kirghia  tenta  etood.— 
On  i[dieioid>  of  gnaite  whidi  t^eoat*  into  eoncenlrie  lafoi,  aee  mj  Rdat. 
hilt.  T.  ii.  p.  597 ;  nod  ii»u  gktfo.  ma  la  giwBieiit  de>  tochaa,  p.  78. 

^  f.  240.— See  Humboldt^  Ana  eantlda,  T.  L  pp.  £99— all ;  and  lb* 
dnwing*  in  Roae'i  itaUe,  Bd.  i.  8.  611 :  the  latter  ahew  Uia  cnimhin  ia  Uk 
lay  en  of  glanile  which  Ton  Bad  hai  pointed  out  a>  duraderiitio. 

^  p.  240.— This  reraarlmble  anpeipotition  «a>  fint  dcMtibed  bf  W^ 
fai  Ku«t«ii'>  Ajchir  Eir  Beigbaa  and  Hnttonraaan,  Bd.  ivL  1887,  S.  G. 

(^  p.  240.— DoMaoj  and  KHe  de  Batumont,  Oioh^  de  1«  E^ase^ 
T.  i.  p.  130. 

O  P-  240.— Theae  intereakted  beda  of  diolita  Item  an  fmporiant  ftafant 
fa  the  mining  distriot  of  Naila,  near  Steban, — nhrae  I  tinned  mining  dnring 
tiie  latter  part  of  the  laat  eentnr;,  aid  with  which  1117  hiqi^eat  ^athful  la- 
eolledjona  ant  aaaocialed.  Compare  Hoffinann,  in  Ft^endwff'a  Annalea, 
Bd.  ivL  S.  GSS. 

C)  p.  241. — Id  Che  aontliani  and  Baahkirim  portioD  at  Ok  UnL  Bei^ 
Beise,  Bd.  ii.  S.  171. 

^  p.  241.~ChutaT  VxM,  Beiee  naeh  dem  Cral,  Bd.  ii,  S.  47— G3. 
On  tht  identity  of  eleolithe  and  nepheline  (the  Mtar  craituning  rather  ekh* 
Ume),  aea  Scheerer,  m  Pt^gend.  Ann.  Bd.  ilii.  S.  SGS— S81. 
fi  p.  £M, — Str  MiCadierlii^'a  admJntUa  reaeaniea,  in  tha  AUmmA 
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a«r  BerL  Alnd.  for  Hw  ytut  ISSS  ud  1BS3,  S.  SB— 41 ;  in  ToggfndoiFt 
AnnaleQ,  Bd.  i.  S.  lVI—li2;  Bl  a.  8.  8SS— »S2i  Bd.  ili.  &  213—210 
(Gostav  Rom,  Bber  Bildang  des  Kalkspatlu  and  AngonitV  ia  Foggtnd,  AsiL 
"RA.  zHi.  S.  858 — S66  ;  Hajdinger,  in  ths  l^snucCiou  irf  tha  Kofil  3oeie^ 
of  Bdinbnrgh.  1827,  p.  1*8). 

0*^  p.  84S.— Ijell,  Piinciplei  of  GMlagy,  VoL  iiL  pp.  BBS  ud  3E9. 
(J")  p.  SIT- — 'Hic  •ie>'  liere  girsn  of  the  relationi  of  pontion  undo  whiofc 
granite  is  fmnid,  nprenea  iti  geDEnJ  or  leadioK  chamber.  But  its  upeiit  ia 
some  localitiet  gin*  nuon  to  belime  that  it  «ru  occuion^lf  mors  fluid  it 
the  time  of  emptian :  «e  p.  889,  u  well  *■  the  detcriptiDii  (rf  port  of  tiM 
Marym  dsin,  nor  the  froDtien  ot  the  ChiMse  ttfritoriea,  ia  Boie'a  Beife 
nach  dent  Unl,  Bd.  i.  8.  ESS.  Similar  elceptiinial  indicatioiU  We  Imol 
obaerred  In  tiadijte  (Dattiaaj  rt  EKe  de  BanmHmt,  Descriptioa  geoli^ifot 
de  la  Kme«,  T.  i.  p.  TO).  HRvin;  befim  apoken  ia  Ibe  teit  of  the  nunw 
apertures  flirongh  which  buaHs  have  umetiinei  iuoed,  1  would  mention  Ibe 
large  fimiies  which  have  sSbrded  a  pamsge  to  mel^hyna,  itliioh  miut  not  be 
confbmided  with  betalta.  See  Mnrehiaon's  intereating  draoriptioa  of  a  fiaanre 
460  te^  wide,  Hmn^  viUch  the  md^ihTni  hai  been  ^ectod  in  Uis  coll 
nine  at  Cornbrook,  Hoar-Edge  (fiilnriui  SflteBi,  p.  129)- 

f°i)  p.  217-— Sir  Jurnei  Hftll,  in  tha  Sdtnb.  Trana.  Vd.  t.  p.  43 1  Vol.  ri. 
p.  71 !  Gregoi7  Watt,  in  the  Phil.  Traiu.  (or  1804,  Pt.  ii.  p.  279  ;  Dutignei 
and  nearian  de  BeBevne,  in  the  Jooni.  de  Tbja.  T.  li.  p.  466 ;  Biiichott 
Wannel^ne,  a.  S18  and  448. 

0^  p.  248.— GnatBT  Baae,in  t'l^gendorff'*  Annden  der  Vkjak,  Bd.  ilH. 
8.364. 

n  p,  248.— On  the  fimorphiam  of  Milphar,  u«  {  55— AS,  in  HilidiR. 
lich'a  Lehrbocfa  der  Qiemie. 

C*)  p.  248. — On  gjrpsnm  anuidtsed  ai  a  nntual  Qrjstal,  and  ua  the 
folpliate  i^  migseaa  and  oiidea  of  one  and  nickd,  see  Mitadie^di,  m 
Poggecd.  Ann.  Bd.  xu  S.  828. 

^  p.  248, — Ceate,  Veramiie,  im  Cnosot  fiber  das  hriichig  werdea  del 
BtabeiHTu,  in  Elie  de  BMunont,  U^  gM.  T.  ii-  p.  411. 

C")  p.  £48. — Hileeheriieh,  tixi  die  Anaddinnng  der  liryat^liairtea  Koipv 
dnnJi  die  Virme  in  Poggend.  Ann.  Bd.  I.  S.  151. 

n  p.  249. — On  tte  donUe  ^aton  ctf  diviuonal  plauea,  tee  Elia  de  Beaa> 

nont,  O&li^  de  la  France,  p.  41 ;  Credner,  Geognone  Thiiringena  "and  da* 

Hum,  8,  40;  Biiiner,  daiItheini>dieUebergangtgd]irge,lS44,  S.  Snndl. 

^  p.  249. — the  ailex  it  mot  mod;  eoknred  b;  onde  o(  iron,  kd  U 
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■ueao^wiied  b7  d^,  Uhm,  and  poUah :  Boae,  Bou,  Bd.  iL  S.  IS7.  On  da 
Igimitioii  of  jaqiet  bf  the  kctioii  of  dioiitic  potphft;,  wgite,  and  fajrperailtei* 
Mck,  we  Bose,  Bcdu,  Bd.  ii.  S.  186,  1ST,  and  19S.  Compare  also  ToL  L 
f.  4ST.  contaiiiiiig  drawinga  of  the  globei  of  porphp;  between  which  jaipa 
jfraeait  itself  in  the  cakareooa  granitacke  of  BoggoBlomk,  at  prodnced  bj  Um 
Jilalomo  iafloenoe  <rf  flui  logitic  nx^  Bd.  ii.  S.  545.  Emnboldt,  Aaio  am- 
ttHs,  T.  I  p.  486. 

(^  p.  249.— Rou,  Rei»  naeh  dem  Ural,  Bd.  i,  S.  ESfl — 688. 

C"}  p.  24S. — In  mpect  to  the  volcanic  or^^n  of  mica,  it  i>  important  Ii 
BStioe  tlmt  dyetali  of  mica  m  found,  in  the  baaalt  of  the  Bohemian  Mittd- 
geUrge, — in  the  Un  of  Tenmna  of  1822  (HonticelE,  Sloria  dd  Vesimo 
ne^  anni  1821  e  1822,  f  99),— «ud  in  the  fragments  of  argflkoeoiia  eebiit 
imbedded  in  wMitceODi  baratt  mi  the  Hohaif^  sat  tax  trua  GCTdatdn  ii 
flu  mii  (ice  UitMhtriich,  in  Leonhud,  Bamlt-Gebilde,  9.  244).  On  the 
pmdnciioa  of  tUdapW  in  argSWeona  adiist  b;  the  contact  of  porph]^ 
between  Dml  Mid  Poiet  (Fores),  see  Dufrenoj,  in  GM.  de  la  Fnuioe,  T.Lf. 
IS?.  It  is  probablj  owing  to  a  atmilar  oatue,  that  certain  achiata,  wMch  I 
had  u  opptftonitf  of  aeeiug  near  Paimpol,  in  Brittany,  dnring  a  geologint 
pedestrian  eicnmon  with  FrofeHOt  Ennth  thnngh  that  inteic«tiiiK  conntij, 
deriie  thrir  amygdaloidal  and  edlidar  (^unctcr  (I.  i.  p.  2S4,  of  the  sso* 
work). 

P')  p.  340. — Leopold  Ton  Bnili,  in  the  Abhandbngen  der  Ahad.  ds 
Wiasensoh.  m  Berlin  au  dem  i.  1843,  8.  6S ;  and  in  flte  Jahrbiichcin  tor 
wisaenBclufaiehe  Kritih,  Jahrg.  1840,  S.  196. 

(^  p.  249.— Elie  ds  Beanmont,  in  the  Annales  des  Sdencca  natureDe^ 
T.  IT.  pp.  S62— ST2 :  "  En  le  R^ipuxJiMit  dn  maases  primitiTM  dn  Hont 
Bose  et  des  monta^ei  mtn^  i  rancit  de  Coni,  on  Toit  ks  cOBchca  seconduR* 
petdiede  pins  en  plus  lesoanictiresinheieata&lenT  nude  ded^tt.  Sonreit 
•lora  eDea  en  prenncnt  qni  aemhloit  prorenir  d'lme  toote  antre  cans^  aan 
perdre  pour  cela  lenr  ilnti£ealion,  mppdeot  pai  eette  dispoutioa  la  gtrnctnn 
phpiqaa  d'nn  tison  i,  moitie  chaibonnfe  dans  leqad  on  pent  snirre  Ic*  IncM 
des  Sbics  licenses,  bien  an.deliL  des  points  qni  pr^sentent  encore  lea  aiw- 
t&rea  naturds  dn  boia."  Compare  also  Annales  des  Sdencca  natmtlle^ 
T.  liT.  pp.  118—122,  and  H.  von  Dechen,  Geognosi^  8.  553,  We  m«r 
nckon  among  the  most  Etriking  prao&  of  the  tianafoiination  of  rooks  tij 
jdntonic  action  the  belcmnitee  in  the  scbists  of  NaSsaen,  Qn  the  AJpiie 
nUejr  of  Eginm,  and  near  (he  Gries-glader),  and  the  belemnita  vUel 
H.  Charpentier  found  in  what  was  called  primitive  limeatone  on  the  ngUn 
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descent  of  ths  Col  ds  la  )4eigne,  betwetm  tin  Endora  ie  MoD^'oTcit  and  the 
cJiSiiet  of  l»  Lanchelte,  and  whick  he  aheiied  to  nu  at  Bei,  in  the  uttumn  d 
1822.     (Aonales  ie  Chimie,  T.  iziiL  p.  202.) 

(^  p.  250.— Hoffouui,  in  Poggeud.  Anmika,  M  ivL  3.  6BS.  StnU  of 
tnuiBition  s^ilkceoas  Mhist  in  the  Bohtdgebu^  niieh  em  be  tnced  for  ■ 
dislAQce  of  sixteen  milea,  are  altered  into  gneiu  od;  at  the  two  artmniliea, 
vrhere  thej  some  into  contact  witlt  granite.  We  are  there  able  to  tnce  tha 
gradual  tarnutkm  of  t)ie  gneiM,  aud  the  derdufaDcnt  d'  the  mica  and  of  the 
feldspalhic  amygdaloida,  in  the  inteiiar  of  tha  miia  at  achist,  which,  indeed 
eontsini  in  itself  abnost  all  the  elonanta  of  tbose  nuteriab. 

^*)  p.  2G0. — Among  the  worlu  of  art  which  haTe  goomi  down  to  ui  from 
Greek  and  Soman  antiqaity,  we  remark  the  abwnce  of  colmnna  or  large 
Tsaea  of  jasper,  and,  at  the  pieaent  time,  large  bloelu  of  jaaper  are  obtained 
only  from  the  Ural  monntiini.  The  material  wra^ed  nodcr  the  name  i^ 
JHaper  in  part  of  the  Altai  momilains  (Revennaia  Sopka),  ia  a  anperb  ribi>oned 
porpbji;.  Tha  word  jasper  belongs  to  tba  Semitic  Ungoago,  and,  acciffding 
to  the  confined  dewaiptiona  of  Tluoidiiutna  (Ds  Lap.  28  and  27)  and  of 
Flin;  (ixnii.  S  and  9),  idio  eoomente  Jaiper  among  "  opaque  gema,"  the 
name  qipean  to  have  been  giren  to  tn^aiattt  of  Jtupadat,  and  to  a  nib- 
■tsiirc«  idiieh  tlie  ancicnta  called  jatponfx,  and  which  we  call  opal-jaiper. 
Flinf  eonndered  a  piece  of  jasper  of  the  nae  of  eleven  incfaca  ao  remariiable 
M  to  deaefre  hia  mentvming  that  be  liad  hinuelf  actually  seen  ao  great  a 
nrtty : — "  Magnitndinem  jaspidis  nndecim  nnciartim  ridimna,  fonnatarnqna 
iode  effigiem  Neronis  thoracatam."  According  to  Tlieaphrastni,  the  atone 
which  be  calls  itnaroffd,  or  emerald,  and  from  which  large  obelialu  were  cot, 
would  be  merely  an  imperfect  jasper. 

(^)  p.  2S0.— Hnmboldt,  Lettre  i  M.  Brochant  de  Villiers  in  tlie  Annaha 
de  Chimie  et  de  Fhyeiqne,  T.  uiii.  p.  261 ;  Leop.'yon  Buch,  Geogn,  Brieft 
fiber  das  sodliche  Tyrol,  S.  101,  lOS,  and  B73. 

C")  "p,  250. — On  the  transformation  of  compact  into  granolar  Umeatona 
by  the  action  of  gnnite  in  the  Pfrenneea,  at  tlie  Montagnes  de  Bande,  see 
Dnfreuoy,  in  Uie  M^moirea  gfologiqaee,  T.  iL  p.  4M ; — in  the  Hontagne  de 
rOisana,  Elie  de  Besomont,  Mem.  Geol.  T.  ii.  p.  879—416  :  on  a  similv 
effect  by  the  action  of  dioritic  and  pyroienie  perphjry  (ppAyie;  Glie  de 
Beaumont,  Geol.  de  U  France,  T.  i.  p.  7^)  between  Tolosa  and  St.  Sebaetian, 
Dn&^y,  in  the  'Mim.  g&A.  T.  iL  p.  ISO ; — and  by  ^«nite  in  Qte  Isle  of 
Sfcye,  the  foesils  in  the  altered  limettoue  being  itill  diatinguiabable  (Fm 
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Dedian,  Oeognoaie,  S.  i^i).  In  the  ■ItenUon  of  chalk  bj  contact  irift 
kualt,  the  displBcemmt  of  the  partidn  in  tbx  procoa  of  erystallisatuHi  cc 
gruiulitian  is  the  more  remvlcable,  becsase  Ehrenberg's  micnMcoiHB  iimti- 
gatiaiu  ie,n  ilieini  that,  In  the  multered  lUte,  the  psrticlea  of  c^ulk  form  a 
lofiDity  of  smiiU  teftrtM  ringa  (FoggEod.  Aim.  Bd.  mil.  S.  105.)  S(* 
■Lgo  oD  the  rii^  in  amgonite  deposited  bf  Bolatioaa,  Ooitar  Bo««^  Ami. 
Bd.  ilii  S.  SU. 

(?")  p.  261. — Beds  of  gmiDLir  limntoiie  in  the  gnnite  at  the  Port  fOi 
•nd  on  the  Hont  da  I^bomd,  CIiarpcDtier,  ConatitnOfni  gnd.  dea  FyrEn^ 
pp.  144.  149. 

(^  p.  2G1.— Leop.  TOO  Bocli,  Dne.  dea  Cmiariei,  p.  894 ;  Fiedler,  Ran 
iaiv'k  du  Eonigreich  Qriecheiilaiid,  Th.  II.  8.  ISl,  IW,  and  KIO. 

f)  p.  3G1. — I  have  bdbre  aUoded  to  Oia  Tmurbltle  -jmrnge  in  OrigM% 
BiilDM^hianeii*,  ctqp.  U  (Open,  cd  Delanw,  T.  L  p.  898.)  rOe  wUi 
cuuteit  reader*  it  eitremel]'  improbable  that  Xem^ihanea  meant  an  impmaioi 
of  a  laurel  (r^or  li^rqi),  instead  of  an  Impression  of  a  fish  (rjvor  iuptiii). 
Delarue  appesn  to  me  to  ba  irrong  in  Uaniing  Jacob  Gronovimi  for  mbiti- 
tating  the  bdter  leading. 

(^  p.  S&l. — On  the  geologioal  obaraeto  of  the  envinma  of  Cairara  ("  the 
mtj  of  the  moon,"  Strabo,  lib.  v.  p.  22S),  see  Savi,  Ogserraziaiii  nd  toTOii 
■ntichi  Toeeani,  in  tbe  Mnom  Oionule  d^  Lettenti  di  Pisa,  No.  68 ;  mi 
EoBinann.  in  Kinteo'i  Arduf  fur  Mineralog^e,  Bd.  tL  S.  SGB — 8fl3,  aad 
•ko  his  Oeogn.  Btdu  dareh  Ililien,  8.  M4— SOS. 

.  <■")  p.  252.— This  hypoUieoi  i*  that  of  an  eMensnt  and  ecperieneed 
pbaerrar,  Kaii  von  Leouhaid  i  aee  hia  -  Jahrboch  Bi  Uioeralo^f^  1834,  S. 
B2e ;  and  Bemhard  CoUm,  Geognoue,  S.  SIO. 

<^  p  ESS. — Leop.  Ton  Boi^  Oeogsoitiidte  Brieft  an  Alei.  Ton  Haia- 
boUt,  1S24,  S.  86  and  SX(  alto  in  the  Annalea  de  Oiimie,  T.  jxiu.  p.  176, 
■ud  in  the  Abhandl.  der  Berliner  Alcad.  am  den  J.  18££  nnd  1S2S,  S.  88— 
186 ,  H.  Ton  Dedun,  Oaognoait,  8.  fiT4~ST6. 

^  p.  254.~Eofflnana,  Ge^n.  B^ae  bearbdtct  von  H.  TOn  Deehco,  S. 
lla— 119,  SSO~  866  ;  Fo0;nid.  Ann.  der  Fhyrik,  Bd.  nri  3.  41. 

(**)  p.  254. — Dnfrenoji  in  MemoiKs  gfelogiques,  T.  ii,  pp.  14B  and  17t. 

(^}  p.  eiii.— Homboldtt  Eaiai  geogn.  nr  le  aiaahent  dea  BochM,  p.  U ) 
Jtae  eentnde,  T.  iii  p.  S38. 

Ci  p.  256. — Elie  da  Bvaomont,  la  &e  Ann^ea  dea  Ecieneet  utiiRlIi^ 
f.  XT.  p.  868;  Warfhban,  SSbman  STstem,  p.  286. 
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^  p.  3S5.— Rmc,  Rcue  udi  dem  Und,  Bd.LS.SM  md  3ST. 

^  p.  S6S.— Leop.  Ton  Buoh,  Briife,  S.  109— 1S9.  Compuv  aim  EBs 
de  Beuunont  on  ths  cootict  i^  gtuitc  with  the  b«di  of  Uic  Jnn  (U jm.  gjoL 
T.  iL  p.  408). 

<^  p.  255.— Hoffinimi,  Bait,  8.  80  ud  87. 

C")  p.  its, — On  the  cbcBiical  proems  ia  the  fonnation  of  •pccithr  iron, 
■eeOaj-Liuuc,  in  tke  AnnalcidBUbcmia,  T.niL  p.  415;  udHitHheriich, 
in  Po^iid.  Add.  Bd.  n,  p.  680.  CrjiMt  td  oliTiDe  hare  be«D  (ornud 
^robaU;  baca  lAHiDitiim)  in  the  onitiaa  of  the  obodiBa  whieh  I  brong^t 
btna  the  Goto  del  Jacal,  tn  Heiioo  (QuIaT.  Base,  in  Poggcnd.  Ann.  Bd.  i. 
S.  82S).  We  thn>  find  divine  in  baaalt,  in  lira,  in  obaidiw,  in  ertiSeial 
•coim,  ID  motoric  tttoiea,  in  the  ^enite  of  EUSide,  taid  (nnda  the  name  of 
l^^oadoile)  in  the  ttmdu  of  the  KoiMntahL 

<^)  p.  256.— CoDituitin  too  Bemt  Bher  die  Fcirpl^rgeMde,  ISSG,  S.  B9 
— ^OBi  UiBelenditBnKteWenHT'idwnGangthenie,  1840,  S.  S;  C.  mn 
yUatmbu^  Ahbildmigfii  Bcrkwardigar  OmgroMltniwe,  1638,  fig.  13. 
Vbn  atractuie  in  nenaw  hand*  ii  not  howeTcr  genenl,  nor  does  tlie  order  of 
tucnaeian  of  die  difenot  inemben  of  tiuea  niuHa  neeewuilj  indicate  their 
nlaliveBgei  «eeIVeieeleben,llbeTdieKtchriidunETigKnge,184S.S.  10 — 13. 
{•«)  p.  356. — Mitaeiierlidi  Shcr  die  kunetEehe  Dantdlnng  der  MintraKen, 
ki  the  dbhuid].  dn  Aiad.  dcr  Wua.  n  Bedin,  1832—29,  S.  25—11, 

^)  p.  35T. — Of  minerala  acradentall;  pTodnced  in  the  Beorie  of  aitiBdat 
wiH-lu,  crjiBtak  of  fetdepor  hare  beat  dieeoTa«d  bj  Heine  In  a  fnrBsce  for 
ftuing  copper,  and  have  been  analjeed  bf  Kenleu  (Puggend.  Ann.  Bd.  Trriij. 
S.  387) ;  dTEtali  of  ai^la  in  koiub  it  Sahl  (Mito^eriich,  in  the  AhhimdL 
der  Akad.  ZQ  Bciliu,  1822— 23,  S.  40);  cryBtak  of  olivine  under  similar  eiN 
cnDutaneea  (Sefstrfim.  in  Leoihaid'i  "  Bualt  O^Ide,"  Bd.  ii.  S.  405)  -,  of 
mica  in  old  iconic  -of  Scbloes  GaipeDberg  (HitKheriich,  in  LeonhBid,  S.  506) ; 
cijalals  of  magnetic  oiide  of  iron  in  the  •canee  of  Glmtillon  mi  Seine  (Leoo' 
hud,  S.  441);  specular  inm  producd  in  polten'  ola;  (Mitschcilich,  in 
liconhard,  S.  234). 

(^}  p.  257. — Of  miaemli  pnrpoeel;  prodaced,  then  hate  been  idocriM 
and  geioet  (Mitecheilich,  in  Poggtndorff*i  Annalea  der  Phfaik,  Bd.  irdii, 
S.  840) ;  rnby  (Gsudin,  in  the  Comptca  lendlis  de  1' Academic  dca  Sciencee, 
T.  IT.  P.  1,  p.  699) ,  olirine  and  aogile  (Milscherlidi  end  Berthier,  in  the 
Annilca  de  Cliimie  et  de  Fhjsiqne,  T.  uiv.  p.  816).  Allhongh  at^te  and 
hornblende  praent.  aocording  to  Q.  Roe^  the  ^eatot  dnukritf  u  (he  fona 
of  their  crjatali,  and  era  almoet  identioal  inlheir  ehemicsl  wmpoutioo,  yet 
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hornbleude  bag  ncier  been  met  with  in  KoriBB  Becani|>anied  by  angite,  w9 
bave  chemiati  aer  miaxoinA  m  leprodneing  eitber  bomblende  or  feld^nr 
(Mituhcriieb,  Pi^gend.  Ann.  Bd.  miii.  p.  SH),  and  Boee,  ReJse  nach  don 
Ural,  Bd.  ii.  S.  358aDd3G3).  Compue  also  Bendoot,  in  tbe  Hem.  de  1' Acad, 
dee  Sciences,  T.  liiL  p.  2S1,  lud  Beoqnerd'a  ingenious  iavestigatioos  in  hii 
Tnite  de  VEltctridti,  T.  i.  p.  S34 ;  T.  iii.  p.  218 ;  T.  t.  1,  p.  148  tad  IBS. 
O  p.  257.— D'ADbuiasoB,  in  the  Jooinil  de  Hifnqae,  T.  liriii.  p.  lit. 
(™)  p.  258.— Leop.  too.  Bueh,  Gcognost.  bief^  3.  7S— S3  ;  where  h  'a 
■Ibo  shewn  whj  tbe  red  aandttone  (the  lodtliegende  of  Ihe  floetz  strata  of 
Tbi>riii)[iB)  and  the  coil  meunrea  Aoold  be  n^irded  m  iHodnced  bj  the 
cmption  of  porphyrilic  roclu. 

Ci  p.  260. — Thie  diaoovei;  wi»  nude  bj  Miu  Mary  Aiming,  who  w» 
alao  the  diacoTerer  at  the  eoprolitea  of  flBho,  which,  as  well  as  those  of  Ihi 
IcUthjoeaanis,  have  been  fonnd  in  incli  abundance  in  England  (near  Ljma 
B(gi>  piiticnlati}'),  that  Bockland  oompares  fhem  to  beds  of  potatoes. 
(Bnckland'a  Oeoiof^  conaidered  willi  reference  to  Natnral  Theotogj,  Vol.  L 
p.  188—202,  and  305).  BeqiectiBg  Hooke's  hope  "to  nise  a  chronoloey" 
from  the  itn^  <tf  broken  and  fiisuliaed  Bhella,  "  and  to  state  the  interrals  itf 
Ume  wheiran  such  at  wch  cataitropbes  and  matatioua  have  happened,"  see  his 
Foathamons  Wodo,  Lecture,  Feb.  20, 1688 

n  p.  201.— Leop.  von  Bnch,  in  Abbandlnngen  der  Akad.  der  Wtaa.  n 
Berlin  aos  dem  J.  1837,  8.  61. 

(^  p.  262.— The  same  anther's  Oebirgsformationcn  Ton  Bnssland,  1840, 
8,24—40). 

^  p.  262. — Agwni,  Monogiapbie  dee  Foisaoni  foaailea  dn  vieu  Gril 
Bonge,  p.  vi.  and  4. 

^)  p.  2S£.— Leap,  vent  Bach,  in  Abhandl.  der  Beii.  Akad.  1SS% 
8. 140 — lOS  1  Bejrich,  Bdtr.  zur  Kenntnia*  de>  Bbeiniscben  Uebergangs. 
eebirgee,  1837,  S.  46. 

P^  p.  262.— Agassii,  Eeeherches  snr  !m  Poiaioiii  fbssiles,  T.  i,  Iniroi 
p.  iviii,  (Davy,  ConsolatioiiB  in  Travel,  Dial.  iiL) 

("^  p.  2fiB. — Accotding'to  Hennann  von  Mejer,  it  would  be  a  ProtoaanniB. 
The  cose  of  the  rih  at  a  saorian,  scpposed  to  have  been  ibnnd  in  the  mouutun 
limestone  of  Northumberland  (Herm,  von  M^er,  Pataologica,  S.  289),  ia  <«n- 
rideredbrLydl(6eoli;^,  1832,va.i.p.l48)iataeiDel;doabtfiil.  Thefsro. 
»erer  himself  referred  it  to  the  alluvial  sbata  which  cover  the  mountain  limMtdiit 
(^  p.  263.- F.  von  Alberti,  Monographie  du  Bonten  Sandstdni,  Mot- 
dKlkalks  und  Kenpers,  16S4,  S.  119  mid  814.  . 
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^^  f.  363. — See  Hcnnuui  von  ISeyer'i  ingemani  eonsideiHtioiu  on  the 
oiganisatton  of  the  ijiag  aaioia  {Palwlogica,  S.  228—362).  In  the  fossil 
Pterodadyloa  cnueu'iHtru,  which,  m  weQ  sa  Ihe  longer  Icaown  F.  loDgiioatrii 
(OiuiUiocephaliis  of  Sommering),  wa>  (band  it  Soleohofni,  in  the  lithognphie 
slate  of  the  upper  jarasMC  formatiaa  or  oolite,  Pnrfestor  Goldfnaa  hoa  even 
discovend  trmm  of  the  membrBnoiu  wiog  "  with  Uie  impnsgionB  of  tofla  of 
reserved  hair,  some  <rf  the  hair  being  eren  u  ineh  long." 

f*»)  p.261.— Ciirier,Ra!hCTclK8imle>OB»«meiiBfoeales,T.i,p.lii— IvIL 
SeeBkothegeologicalualeofepoehaiDFhillipi'aGeologj'.lSST.p.lftS—lSi.   . 

("f)  p.  265.— AgisBi,  Ptriasoiu  foaaika,  T.  i.  p.  m.  and  T.  iiL  p.  X— 62  [ 
BucMand,  Geolog;,  Vol.  i.  p.  273—277. 

(™)  p.  265. — Ehrenberg,  aber  noch  jetzt  Ichende  TMerarten  der  Kreido- 
bilduugindenAbhandl.def  Berliner  Aliad,  ana  dem  J.  1839,  S.  164. 

C*)  p.  38E. — Valeueiepnes,  in  the  Comptea  rendna  de  I'Acad.  da  Sciencei, 
T.  vii.  1838,  pt.  ii.  p.  5B0. 

P")  p.  285.— In  the  Weald-C%;  Beadant.  G&li^e,  p.  173.  Thennm. 
bcr  of  ornitholltea  increaaea  in  the  gypanm  of  the  tertiaiy  formatioiu. 
(Cnvier,  Oasemena  foBdlea,  T.  iii.  p.  302—828). 

f"')  p.  268.- Leop.  tou  Buch,  in  the  Abdhandl.  der  Bed.  Akad.  1830, 
S.  13S— 187. 

O  P-  266.— Qnenattdt,  Eoigebirgo  Wiutemberga,  1813,  S.  13B, 
(^  p.  287.— The  same  work,  S.  13. 

(^*)  p.  267.— Murehiaan  mskea  two  divi«oDi  of  the  iunler  tatuijlaH, — 
the  upper  being  tiiB  triae  of  Alberti,  wbilat  of  the  loner  division  (lo  which 
Elie  de  Beaumont'a  Vo^es  aandatons  belongs)  of  the  zechstein,  and  of  the 
todtli^ude,  he  forms  hia  Permian  ^stem.  Ho  makes  the  Beoondaiy  forma- 
tion begin  with  the  upper  trias,  i.  e.  with  the  upper  diTision  of  the  German 
bnnten  sandstem.  The  Permian  ayatem,  the  carboniferoua  or  monntain  Ume. 
atone,  and  the  devonian  and  ulniian  attala,  oonatitnte  hia  palaoioic  elrata. 
In  this  ayatem  the  chalk  and  the  oolites  are  the  npper,  tnA  the  keuper,  the 
mnscheUailk,  and  the  bnnter  aondateiii,  are  the  lower  aecondarj  formations ; 
the  Permian  ayatem  and  the  carboniferous  limestoue  are  the  upper,  and  the 
devonian  and  sjlurian  stratii  are  the  loner  palceozoic  formatioiiB,  The  bases  of 
UuB  general  elaa^fieation  are  developed  in  the  great  nork  in  nhich  the  mdeh- 
tigable  Britiah  geolo^  designs  lo  dncribe  the  geolog;  of  a  large  portion  at 
£aetem  Europe. 

O  P-  268.— Cuvier,  Ossmnena  fbasilea,  1821,  T.  i.  p.  157,  261,  and 
204;  Hnmboldt.  iiberdie  Hochet>euevouB(^taiaderDeutschen  Viertetjohn- 
Schrift,  I83B,  B<i.  L  S.li7. 


Ixxxviii  HOTBS. 

(*^  p.  eeS.— Joonul  of  tits  AtiBtje  Soeuif.  1B44,  No.  tt.  p.  100. 
<"')    p.   2aa.— Bejriob,  in  KanUn'a  Archir    far   Uineialogi^    ISU, 
Bd  iriU.  S.  318. 

{™)  p.  369.— By  the  valiiuble  liiboun  ot  Connt  SUrnlier^gyUidjilB 
Brongniwt,  Goppert,  and  Linillej. 

(")  p.aeS.— ILBrowii'sBolmyorCoDgo.p.iB;  »nd  D'Urrille.  intlieiiie- 

moir  entilJed  De  Is  distribution  if  F<nigk«*  ear  la  ivirfsce  dn  globe  tematre. 

f)  p.  389. — Such  btb  Uie  srcaden  diKorend  by  Ckiunt  StcrnlMrg  in  tb 

old  carboaiferoas  fannadaii  at  Radniti  in  Bohemia,  and  described  by  Cordi. 

Two  spedei  of  eycadita  and  amita  Cardai,  we  Goppert,  fbsaile    Cycadea 

ia  den  Aibeiten  der  ScUes.  0«Belbchaft,  (Br  nt«ri.  Cultar  im  J.  i84tS.  S.  33, 

8Ti  10,  and  50).    A  cyeadea  (Ptarophyllnm  gonorrhachia,  Gop.)  has  also  beat 

fbnnd  in  s  coal  bed  at  KSnigshiitte,  in  Upper  Sileda. 

^)  p.  289.— luidlej,  Foaafl  Hora,  No.  iv.  p.  163. 

O   F'   369.— Fossil  Cooifene,  in  Buekland,   Geology,   p.   483 — IVO. 

Wilham  haa  the  great  merit  of  having  been  the  Srat  to  net^nise  the  eiieleHe 

of  conifers  in  the  primitire  vegetation  of  tlie  cacbaniferoiu  period ;    befcn 

hia  time,  almost  all  tha  tnmkB  of  trees  found  in  this  (brmatiou  were  considsBl 

to  be  palma.     The  species  of  the  genns  Araucaria  aie  not  peculiai  to  the  ml 

formations  of  the  British  islands  ;  they  are  also  fonnd  in  Upper  Silcaia. 

1?^  p.  270.— Adolpke  Bronguiart,  Prodrome  d'nne  Hist,  des  Wgetaw 
fosules,  p.  179^  Buekland.  Geol<^,  p.  479;  Endlicher  and  Unger,  Grand- 
■age  der  Botamk,  1843,  S.  4SS. 

^)  p-  270. — "  By  meuB  of  Leiudodendron  a  betUr  passage  is  estaUished 

from  Flowering  to  Flowerlees  Flanti,  Haa  by  tather  Eqnisetnm  or  Cyca^  or 

any  other  known  genua." — Lindl(7  and  Hntton,  Fossil  Tioia,  Vol.  ii.  p.  53. 

^}  p.  370. — Kunt^Ano[dnDLgd(iPflanzen(amilien,HBndb.derBoltml^ 

S.  SOT  and  311. 

P^  p.  270. — A  rety  striking  proof  of  coal  baying  been  formed  (not  by  tlM 
action  of  fire  in  charring  vegetalde  Tcssels.  but  more  probably)  by  decon- 
position  Dnder  the  icflnence  of  snlphnrio  acid,  is  afforded,  as  Gu[>peit  bi 
acutely  rcmu:ked  .(Kareten,  Archiv  fiir  Mineralogie,  Bd.  iviii.  S.  580)  tf 
the  conversion  of  a  piece  of  the  amber  tree  into  black  coal ;  the  coal  and  Ibt 
nualtered  amber  being  found  close  together.  On  the  part  which  the  smaller 
vegetation  may  have  had  in  the  formation  of  beds  of  eoal,  see  Link,  iu  fla 
Ahhandl.  der  Berliuer  Akademie  der  Witsenachaflen,  1838,  S.  38. 

<?»)  p.  371-- See  theacenrateinvcstigationsofChevBndicr.intheCompta 
reuduB  de  I'Acad.  des  Sciences,  1844,  T.  iviii.  P.  i.  p.  385.  In  eumpuiif 
tbis  bed  of  carbonaceoua  nlBlt«,  0*6  iu.  in  thickness,  wit^  beds  of  coal,  tlw 


Bormoni  [veagnn  to  nWb  the  bttet  lure  bam  rabjacted,  and  wlilch  ghcwi 
ilaeU  in  the  flattmcd  fonn  of  Hin  tnnilK  of  tne*  whkli  tbej  contain,  slioaU 
also  be  rememboed.  The  "<nood-hilk"BcenoDtbBiaath>horeofthe  island  of 
New  Siberi*,  discorered  in  1B06  b;  SirowsUkai,  were  deacribed  bf  Hedenatram 
ts  SO  fatboma  in  height,  couiitiiig  of  altcnale  kf  en  of  Miiditone  uid  bita- 
mmooB  tnmks  oT  treea,  of  nhich  those  at  the  siunmit  wen  in  a  rertical  * 
portion.  The  bed  of  driftvood  ii  Tinbla  (or  Nran  oenia.  (Wrangel,  Beiu 
lEi^a  del  Nofdkiiste  Ton  StberiEu  io  den  Jahren  1820—18^  Th.  i.  S.  102  t 
or  p-  486  oftheKcond  tdit.  of  the  Engliih  tnnilation). 

0^  p.  aT2.~-Thia  coryjiAa  'a  the  K^  (in  aztec  zojiU),  or  the  Palxa 
ialee  of  the  nsttrea ;  we  Hombaldt  and  Bonpland,  Sjaopua  Plant,  ^uinoct, 
Oxbis  Noii,  T.  i.  p,  SOS.  A  writer  deeply  Tcned  in  the  Ameriean  langange^ 
Professor  Biuduaann,  lenurln,  that  tb  FBlina  soTale  ia  ao  designated  in 
Xepe's  "  Yocabulario  ds  la  Lei^oa  Othond,"  and  that  the  aztec  word  loj atl 
(Uolina's  Voeabnlario  m  LeogOB  Hexieanay  Caatellana,  p.  25)  noun  in  namet 
of  places,  such  as  Zoyal.itlui  and  Zoyqianoo,  near  Chiaps. 

0°*)  p.  272. — At  Bancoa  and  Cajrw  de  Hap. ;  aee  the  Admiral'*  jonmal 
of  November  25  and  27,  1492,  and  Homboldt,  Eiamen  aitiqne  de  I'Hiat.  d» 
b  GeogT.  du  NoaveaB  Continent;  T.  iL  p.  252,  and  T.  a.  p.  23.  Colunboi'a 
vtteulioa  waa  to  nnrenuttiDgl;  aliiB  to  all  natntal  olgeeta,  that  lie  eren  dis- 
tingniehed  (and  waa  indeed  tiie  first  who  did  to)  betweoi  Fodocarfut  and 
Finwt;  "1  find,"  aud  h«,  'en  la  tiena  aspen  del  Cibaa  junoa  que  no  Uevan 
pinaa  (fir-cones),  pero  por  lal  orden  compnesto*  pOT  naturalem,  que  (loa  frntos) 
parecen  azeytnnas  del  Aiaiafe  de  Serilla.''  'When  the  great  bolaniet  BirJiBrd 
published  his  admirable  memoir  on  Cjcadete  and  Conifero,  he  could  scarcelj 
hare  imagined  that  betore  the  time  of  L'Heritier,  and  even  XuSam  the  end  of 
the  IGth  centmy,  Podacarpoa  had  been  separated  froin  the  AbietineK  bj  » 
Oarlgatoc  of  the  1 5th  centuiy. 

(^  p.  272.— Charles  Ducttoi,  Journal  of  tiie  Vojage*  of  the  AdveutnM 
and  Beagle,  1S39,  p.  271. 

^)  p.  273. — Giippert  de«ribet  three  other  cjcades  fonnd  in  adustcae 
fdaf  with  brown  coal  of  Altaottel  and  Commotan  in  Bohemia.  Thej  maj  possibly 
belong  to  the  Eocene  period.      (Page  16  of  the  work  qgoted  in  Sote  320). 
P=)  p.  273.— Bnckland,  Geology,  p.  BOB. 

(^  p.  274. — Iieopold  rcn  Buch,  in  the  Abhandl.  der  Aliad.  der  Wigs,  m 
Berlin  ans  deu  J.  1811— 1S15,  S.  161,  and  in  Ptfgp.ndorTs  Annalen,  Bd.  ii. 
8.575;  Elie  de  Baanmont,  in  the  Anualea  dea  Scieneea  Nat.  T.  lis.  p.  U. 


^  p.  B7B- — Compsre  Elie  de  BeBiimont,  Dmot.  gkA.  it  Ii  nancf ,  T.  L 
p.  ti;  Beaduit,  Geologie,  1S44,  p.  309,  | 

n  p.  STB.— Tranaactiaiuofthe  CambridgePhilosopUetlSodely,  VoL  H 
FL  2,  1SS7,  p-  SBT-     According  to  other  writen,  tlie  ntio  is  100  :  284. 

f)  p.  280. — It  ma  ■  preralent  opinion  in  the  middle  ages,  that  aalj  ■ 
Mventh  put  of  the  nii&u  of  the  airth  nan  coTered  by  aea.  Coidiaal  d'AiDy 
grounded  Ihii  opinioii  on  the  4th  Apooypha]  Booli  of  Esdras,  Imago  Hundi, 
esp.  liii.  dJmnbus,  vbo  took  his  coonokgical  viewa  fkom  the  works  of  th< 
Cardinal,  nu  gnatlyintelestedinmBinUiDiDgUiiseapposition  of  the  amalliKa 
of  the  Mi,  to  whidi  the  minuiderftood  ejpnsaioD  of  "  ocean  lirer"  also  eou- 
tributed.  Compare  Humboldt,  Eiamen  critiqiie  de  I'HUt.  de  la  Ooi^raphK, 
T.  L  p.  188. 

^)  p.  SSI.— Agithemeroa,  in  Hndson,  Gei^rtqihi  minores,  T.  ii.  p.  4: 
Bamboldt,  Asie  eentr.  1.  i.  pp.  120,  125. 

^  p.  SSI.— SCrabo,  lib.  I  p.  65,  Cuanb.  Compare  Hnmboldt,  Eiama 
etit.  T.  L  p.  152. 

(»)  p  282.— On  the  mean  Intitndc  of  the  north  coast  of  Asia,  and  on  thg 
true  denomination  of  Cape  Taitnun  (Cape  Siewera-WostotschniH),  and  C^n 
Morth-East  (Schalagakoi  Mp),  see  Hnmboldt,  Asie  centr.  T.  iii.  p.  35  and  37. 

^  p.  2BS.— T.  i.  pp.  198—200  ot  the  same  work.  The  southern  point 
of  America,  luid  the  Archipelago  which  we  term  Tena  dd  Fn^o,  are  in  the 
meridian  of  the  most  noithem  part  of  Baffin's  Bay,  and  of  the  great  polar 
hod,  the  liroitH  of  which  are  still  nudetermined,  and  which  poaaiblj'  fonni  a 
part  of  West  Greenland. 

f")  p.  283.— Strabo,  lib..ii  pp.  «2  and  108,  Casaub. 

n  P-  >8S.— Hnmboldt,  Arie  cenbale,T.  iii.  p.  2G.  Ai  earij  aa  ISI7,  in  nf 
wort  entitled  "  De  distiibutioneKeographicspliiutarain  secundum  ctnli  tempericm 
It  alUtndiDflil  montium,"  I  ealkdattentioDtotheimportantdiatiaetion  between 
compact  and  inlerseded  continenta,  as  bearing  on  climatology  and  on  hmnan 
OTiliaation :  "  BegioDW  Tel  per  dnna  Innate  in  longA  oonns  ponredc, 
angnloeia  littonim  recaaibas  qnast  membratim  diacerptte,  vel  apatia  patentia  in 
ismieneam,  qoonun  Uttoia  nnllia  inciaa  angulia  ambit  aine  anfractn  Ooeanna* 
(pp  81  and  1B2).  On  the  proportion  of  the  length  of  coast  line  to  the  ana 
of  a  continent  (in  some  degree  aa  a  measure  of  the  accesaibili^  of  the  intcrioOf 
tee  Bcrghana,  Annalea  der  Eidkond^  Bd.  ni  1835,  S.  490,  and  FhjmkaL 
Atlas,  1839,  No.  iiL  S.  S9. 

W  p.  288.— Sttaho,  Ub,  iL  p.  188,  Ctmai. 


ft  p.  2BS.-~raK7,  ia  tplMng  of  Atnea,  add  (t.  1),  "Nee  tUi  -pta 
Im  III  Hill  pBuciitte*  ndpit  liniu."  llii  rndiui  pcmomla  on  thu  ride  the 
Pangea  piewnta  m  third,  niuller  but  reiy  aiimlu,  biugiiEH  lorm.  The  idea 
vn*  •ery  prenlmt  untmgit  Uie  Gnekg  of  the  Biiiteace  of  >  certain  nyvZirify 
in  the  condgontioii  <rf  Uie  ah^Ki  of  tlu  dij  land.  Thejr  cvnddend  th*t  there 
-•rat  four  great  golpha,  among  whioli  the  Fenmu  gnlph  wu  the  D^Kwite  or 
fsoiuitaput  of  the  Ckapian  ta  HjToiniaii  Sea  (Arrian,  nL  IS;  Flat,  in  vita 
AksBttdfi,  mf.  U;  Kmijn.  Ferity,  t.  4S  and  eSO,  pp.  11  and  SB,  Bernh.) ; 
and,  aooording  to  Uie  fantutioal  eoneeptian  of  Agesiasal,  the  fbnr  gnlplu  and 
iBthmons  wov  eno  iBE^iond  to  recur  on  the  moon's  diak  (Pint,  ds  Fade  in 
Orbe  Lunn^  p.  0S1,  10),  aa  a  aort  of  reflectiDn  of  tbe  great  ontlioa  of  the 
terrestrial  eur&ee.  Reipeetiiig  the  dtviiion  of  the  Earth  into  fonr  qnarten  or 
eoatioenb,  two  north  and  two  aonth  of  Ihe  Eqnator,  aee  Haerohiiu,  Caaaa. 
in  SomniiDH  Sapjonie,  ii.  V.  I  Ime  mbmitted  thii  part  of  ancient  geograjih;, 
i;  whidi  great  confiuian  of  ideas  haa  ptevailed,  to  a  new  and  coreful 
J  Siamen  eiit.  de  lliiat.  de  la  G^.  T.  i  pp.  119,  M, 
IBO— 1811,  H  weD  M  in  m;  Aaie  Centi.  T.  n.  pp.  172—178. 

0")  p.  288.— Eleaheiw  in  Uia  "  Voyage  de  Muchand  antoor  dn  Honde," 
T.  It.  pp.  S8— 12. 

^  p.  283.— Hnmbaldt,  in  the  Jonraal  de  Phyaiqne,  T.  liii.  17S6,  p-  8S  i 
•nd  ReL  hiat.  T.  it  p.  19.  iii.  pp.  189  and  198. 

1^)  p.  284.— Hnmhol^  in  Pf^gendarfTa  Annalen  der  Phjiik,  Bd.  iL 
8.  171.  On  the  lat^rintli  ot  Gonb  at  tbe  aonth-eiit  end  of  the  Ameri. 
oan  contjneut,  aee  Darwin'a  Jonmal  (Narrative  of  the  Voyagea  of  the 
AdTeotaie  and  Bea^  VoL  iii.)  1839,  p.  2S6.  The  panllBliim  of  the  two 
chaiua  of  moontaina  ia  nuuntained  from  b"  N.  to  S°  S.  lat  The  change  of 
direction  ot  tbe  eoait  near  Arica  qipean  to  be  the  conacqnence  of  an  inalogoua 
change  in  the  direction  of  the  immenje  fiaaure  over  which  the  Cordillera  of 
the  Andes  hei  been  npheared. 

("^  p.  286. — De  la  Beehe,  Sectiona  and  Viewi  iUmitTatiTe  of  Geological 
Phenomena,  1830,  Tab.  40 ;  Charlea  Babble,  Obserrotions  on  the  Tempk 
of  Saa[Ha  at  Fosuoli,  nev  Naples,  and  on  certain  csuSM  nliidi  maj  [lodMa 
Geological  Cydes  of  great  eitent,  1BS4.  "If  a  etratnm  of  sandstone,  Bve 
En^ish  miles  in  thicknesa,  dionld  have  its  temperature  raised  100°  Fah, 
ita  amftoe  would  has  2S  feet;  htaled  bcda  of  clny  wonld,  on  (he  contrary, 
eaose  a  dnUng  of  the  groimd  by  their  eonttaction."  Compare  in  BischoTa 
Virmelehre  du  Innem  onsere*  Erdlcdipera,  S.  803,  hia  calcnlationa  on  the 
■ecnlar  doradon  of  Sweden,  (m  the  mipposition  of  the  small  incn«ee  of  8°  of 
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Beaamitr  (S'°8  Ytb.)  in  >  itntaiii  IMOOO  Fnnch  feat  la  lUckneai,  mi 
koled  to  B  itiite  of  ruiian. 

(>■>)  p.  S80. — "  The  ununptioa,  iriuch  hu  hithnio  ippsaTd  ao  p<wnn  <' 
flu  krariabili^  of  the  foree  of  gravitj  it  «nj  girra  pfflnt  of  the  Bacli^ 
tai^ee,  hu  b«cama  uibjed  to  some  iegna  of  noDertiDiity,  nnce  we  itM 
Ueonw  aware  of  the  glow  elevation  of  Urge  dixtrieta"  (Bcairi  tba  Mmm 
nud  Gewicht,  in  Schonuchcr'a  Jahrbodi  fiit  1340,  S.  114). 

^  p.  287.— TTl  ii.  (1810),  S.  389.  Compm  Hslktrom,  in  K<m^ 
Tetenak^s-Academieni  Haodliosar  (StDcUt),  1828,  p.  SO ;  I?ell,  in  IJw 
ThU,  tna».  ^  1835,  p.  1 ;  Blom  (Amtnuon  in  BodakBrad],  Stat.  Resdir. 
TDD  NoTWrKen,  184S,  8.  89 — US.  Freviooi  lo  van  Soak's  pobliestiOB  rf 
his  Scaudinaiiui  jonraa;,  hot  not  prenona  to  ihe  jonm^  itodf,  Pkyfior 
gnrmised,  in  1803,  in  the  lUiBtntiani  of  tlie  Hnttwiian  Heel;,  f  393,  that 
it  <•»  tib  nuinli^  of  Sweden  Out  ma  rndng^  Diot  tka  «a  tiiat  mssinldng; 
and  It^HuHi  hM  ramariced  (Om  lanjradens  Stigning  in  Noigc  in  dem  Ifjt 
Ujigazin  for  NBtnrridenakabenie),  tbit  the  Ouw  Jeaaen  had  aijneaaed  tnch 
k  coqjectiuc  at  ■  ilill  rattier  period.  Thatr  writinga  were,  bowcrer,  entir^ 
nnknown  ta  tlw  gi«at  Oemua  geologiit;  nor  hate  1^,  aaftcaalamamT^ 
inOneneed  the  ^ogreaa  of  phpiod  geognphf  on  thia  point.  lu  s  w<^ 
entitled  Eongeriget  NocgefrcDumietefterd^mtnrligt^borgedige'nbtaud, 
j^obenli.  17BS,  Jeaaen  hu  attempted  to  inveatigale  the  changea  which  hsTa 
taken  place  in  the  reUtiie  laid  in  the  coast  and  the  aea,  taMi^  fiff  basea  Uia 
aihf  detcnomatioiii  of  Celaisa,  Kalm,  and  Datin.  He  ihewa  aome  confiiBOi 
of  idea*  m  to  Uw  pouilrilitr  <il  tnoreate  b;  intanal  growth  of  the  roeka  iriiid 
torm  the  eoaat,  but  it  lait  dedana  hitnsdf  in  fevoiu'  of  the  elevation  of  the 
hnd  aa  a  eoiueqnenee  of  eartiiqiuikea.  "AMioagh,"  he  uyn,  "  immedialc^ 
■ftcf  the  ""■Hup™!*  at  Egeniind  no  iieh  deration  waa  perceived,  jet  tha 
•arthqoake  ms;  have  opened  the  mj  tor  the  action  of  othiT  causes." 

1"^')  p.  287. — Benelina,  Jahreshericht  oter  die  Forijchritto  der  physischen 
WnA.  Ko.  18,  8.  686.  Hie  islands  of  Suiohobi,  end  at  Saltholm  Dp|>oula 
to  Cc^enhagen,  liae,  however,  vei;  little.  .JBorobofan  hu^dif  rises  one  foot  la 
•  enitnij.    See  Forohhammer,  ViM  Mag.  Series  iii  Vol.  ii.  p.  809. 

O  P-  287.— Keilhan,  in  Hjrt  Mag.  for  Natwril  1B82,  Bd.  i.  -pp.  IM- 
SS4,  Bd.  ii.  p.  S? .  Biarais,  "  but  lea  ligoes  d'aninco  niveaa  de  k  Na,"  1813, 
^.  IS— 40  Compire  also  Danrin  on  the  Pattllel  Bosda  of  Glen-Koj  aiJ 
Lochthv,  FhiL  Iiaiii.  1839,  p.  80. 

P^  p.  288.— Huniboidt,  Aaie  eentrale,  T.  fl.  pp.  BIB— SSi  T.  ffl.  pp. 
U9— ESI,    The  dopresaon  of  the  Dead  Sea  has  been  taxtm^  inveitigibd 


Mf  (^  UrMuetnc  uMinnmEBU  nl  Count  Baton,  Ihe  hi  man  eartM  oam 
of  Riuseg^,  and  b;  the  trigoBonutrieal  mnnremeiita  irf  lienteaut  Symrail, 
.«f  die  Britiili  Nbi;.  B7  ■  letter  foon  Iti.  AUfnoa  to  ths  Oeagraplikal 
t«d  to  ma  I?  my  fiiaid  Qqitiin  WaihingtM, 
it  ^fmond  gsre  the  leml  of  tin  Dtad  Sra  it 
IKOQ  Fnaek  fbet  (leot  En^iA  fatt)  bdow  Uu  hi^icA  liniie  in  inSk.  Mr. 
AlddraoD,  ittlwt  time  0I«<mI«  S3,  IMl),  coiuudered  tbe  Deal  Sea  to  ba 
•bout  lS14&at(1400Eng1iaIi)  bdor  Uu  laval  <rf  Uw  MeditemBiam.  Ina 
moM  recent  eomnaniMtioii  of  Lied«uot  SfnUHid  (Junercn's  Edin.  New 
nam.  JooiBd,  VoL  mi*.  IBU,  p.  173),  ha  gira  1231  feet  (1812  EngUili) 

■■  the  iosl  Rsult  of  two  Tmj  iworduit  trigonoiiwtno  ot^enljona. 

^  p.  288.— Su  1&  Mofailitj  da  tinid  de  !■  Uei  Casplenoe,  in  m;  Ame  crarir. 

T.  ii.  pp.  333 — 294.  At  my  raqoart,  tlie  Impeml  Aoadem;  of  Scienoe)  st  St. 
.Patenbor^  ohuged  the  karaad  pl^out,  Leni,  with  filing  ntid  and  irell< 

Kcored  marb  on  tbe  peniimb  oT  AUuheron,  near  Baku,  for  the  pnipraa  ef 

riMiiring  (he  mean  level  ot  the  watei  at  a  girui  epodi.  In  a  aniilar  mamer 
.1  raqoericd  and  oblaipedUia  inaertion,  in  th*  mpplementaiy  instrcctiona  giTen 

to  Captun  Jamca  Bom  Ibr  the  AstBretieeipedition,  of  a  direction  to  fix  matk^ 

•t  anitdjle  plaeei,  « llw  di&  and  rocki  of  the  AntarcUc  Seas,  as  has  bceq 
.dime  m  Swedai  and  on  the  Caspian.      If  limilar  musnrei  liad  been  taken  iu 

Coolc'a  and  Bangunnlle'i  eariieat  vojngea.  we  ihonld  now  be  id  possesion  oE 
.the  neceaiairdala  fiir detemining  whether  aeenlar  varigtionin  the  rdativa 
ieiel  of  land  an  i>  a  geiMral  or  ■  mrady  local  pJucnrananon,  and  whether 

■nj  law  ia  diKorerable  in  the  direction  of  the  point*  wbich  rise  or  Tatk 


^)  p.  288. — On  tiia  linlmig  and  risng  of  the  bottom  of  tbe  ses  in  tha 
Padfic,  and  the  difiereat  areas  of  alternate  morementa,  see  Darwin's  Jonmal, 
IP-  S57  and  SSI— 6SS. 

^  p.  S91.— Hmnboldt,  BeL  hist.  T.  iii.  pp.  232—234.  Compare  abo 
lomn  ingemoiu  mnarkB  on  the  form  of  tbe  Earth  and  the  position  of  its  line* 
of  elevation,  in  Albreehta  von  Boon  Gmndzfigen  der  Erd-Volbir-nnd  Staaten* 
knnde,  Abth.  i.  1837,  S.  1S8,  270,  and  27S. 

PO  p.  292. — Leop.  Ton  Bncb  iiber  die  get^wntiBclen  Sjsteme  voa 
Deulidiland,  in  Me  Geogu.  Bricfcn  aa  Aloender  von  Hmnboldt,  1824,  pp. 
E69— 271 ;  and  Elie  de  Beamnont,  Becherchcs  sni  lea  Revolutions  de  la 
Gm'&eedu  Globe,  1820,  pp.  3S7— 307. 

n  P-  202.— Humboldt,  Asie  centrale,  T.  i.  pp.  877-288 ;  Essai  surk 
Gisement  do  Rochfs,  1S22,  p.  E7 ;  and  Belat.  hist.  T.  iii  pp.  241—250. 


xcir  woTEs; 

0^  p.  SBZ.— Ari«  cenlnU,  T.  i.  jip.  2S4— 2SS.    Tlu  Adiiatie  aho  (bBMi 

a  Moth-eBit  and  nortk-iieit  direodon. 

(^  p.  393, — De  U  hanteni  mo^eime  d(H  ocmliiunts  n  Am  centnle,  T.  . 
^  32— 90,  and  165—189.  Thenunlta  which  I  hare  obUiiwd  are  to  hi 
,  ngvded  as  the  cxtrone  tiIom  w  "  ocmibrca-ltnutis."  I^Qace'a  wtJmataiM 
of  S078FraDehfeet  aa  the  mean  hdgiit  of  contioenta,  ia  at  leaat  time  tinaa 
too  gnat.  The  iUnatnoiu  geometci  waa  eondncted  tf  Oo*  umneoaa  nsott  bf 
hfpatheus  aa  to  tin  mean  deptli  of  Qie  IM  (HBcaniqnG  Cfleate,  T.  t.  p.  lA). 
I  bttTS  <bawii,  in  n^  Aaie  eantiale,  I.  1  p.  BS,  that  the  mathematidsu  of 
the  Alemndrian  adiod  n^poaed  the  dqiUi  of  the  aea  to  be  detemuned  bj  tlB 
h^lht  of  the  mauutaiua  (Plat,  in  .ffimilio  Paolo,  vtp,  IB).  Ilie  heiglit  i£ 
the  eentre  of  )(rari^  tt  Ot»  Tofanne  of  the  caatiDental  maaea  probaUj  nndv- 
,g0CB  imall  alteratima  in  the  eomae  of  masf  oenturiM. 

C")  p.  391. — Zw^tw  gwh^jiacbEr  Brief  Ton  Elie  ds  Beamnont  and  Akb 
'  mier  von  Humboldt,  in  PoggBoduC*  Atmalein,  Bd.  nr.  3. 1—68. 

(^  p.  igS.- HombDldt,  Rclatiini  Utl  T.  iu.  chap.  nil.  pp.  614— GSOl 
^  p.  29fi.— Sea  the  Kiiea  of  obaantions  ntade  bf  me  in  Uw  Fadfla^ 
fiom  0=  5'  to  13°  10'  N.  Ut.  (Ade  oentr.  T.  iiii.  p.  SU). 

C")  p.  390. — "On  ponnB(piirUlerop^ntnnderOc£BnMm*l«s(n^qiw4 
■ttaqoer  avee  snce^  nue  qneBtion  e^tale  re>t£e  jnaqn'iei  ind^ciae,  la  tpifnlinn 
de  la  eoiutance  de>  temiierHtores  teneatrH,  «ena  xtmv  k  g'inqm^tei  dea  inflip 
ncea  locales  natDiellemeut  fort  eirconiciitea,  provenuit  dn  dfbcaacm^  dn 
.plaiDei  et  dee  montagnca,  du  desseehemeut  dea  laea  st  de*  mama.  Cbaqna 
^^e,  en  l^goant  am  uccle*  futora  qoelquca  ehiffna  bieo  &dlea  k  <Aitcaut,  hiv 
donaera  le  moyeo  peut-£tre  le  plm  unijile,  le  pliu  eiact  et  le  plni  dinc^  de 
d^der  ri  le  eoleil,  aujoordlmi  aooice  premiere,  i  pea  pria  eiclnEiva,  de  h 
fihaleuT  de  Dotre  globe,  change  de  conatltulion  phju^ne  et  d'ecjnt,  oomme  la 
phipart  d«  doilea,  on  si  au  contraire  cet  aatre  eat  arrive  i,  nn  &at  permaoail" 
(Ango,  in  the  Comptee  reudus  des  a^ncea  de  I'Aad.  des  SdeiiEea,  T.  li. 
P.  2,  p.  B09). 

n  p.  29?.— HDmboIdt,  Ade  ceotr.  T.  it  pp.  S31  and  S3T. 
f*)  p.  397.—  See  the  nnmcrical  reaulta  in  pp.  328— S33  of  the  ndnM 
jnet  named.  Jba  geodedcal  levelliag  wbicli,  at  m;  reqneat,  m^  friend 
General  Bolivar  caosed  to  be  Lieculed  in  1829  and  1822,  by  IJojd  and 
lUmarc,  liaa  shewn  Ibat  the  PaciBc  is,  ai,  the  otmoat,  31  trench  feet 
higher  ttao  the  Caribbeau  Sea,  and  even  tbat,  at  diHerent  hours  of  the  itj, 
each  of  the  tno  sese  is  in  turn  the  highest,  according  to  Ibeir  le^iecUve  honn 
of  ebb  and  flood.    As  the  leTclling  extended  over  a  distance  of  04  milea,  ui^ 
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and  we  nuj  coiuidec  tliu  rt«ih  u  nthv  tending  to  confirm  tha  eqnilihriiim 
trf  ihe  wBtpra  which  ooniffiimictte  rooad  C^ps  Horn  (An^  Anmuare  da 
Bucsn  dea  LongltadH  ponr  1831,  p.  319.)  I  bid  iniened.  from  mf  buo- 
meteic  obaeiTstioDi  in  1709  *nd  ISM,  Hut,  if  then  wen  in;  dUbmica  of 
level  between  tlie  two  ooeuu,  it  could  not  exceed  8  metra  (Bd.  hirt.  T.  iii,  . 
pp.  SS6— 567  ;  >Dd  Annald  d«  Chimie,  T.  i.  pp.  BS— M.)  Tie  mewure- 
mBnta  which  nem  to  eitabliah  >  higlier  level  for  tha  witen  of  the  gulph  of 
ISfsieo,  and  for  Uidm  of  the  Adriatic,  (in  tlie  later  att,  bj  the  nmibiiiitioa 
of  the  trigonometiicU  opentioni  of  Delcioi  and  Clioppin  with  those  at  tha 
Swisa  and  Anttrian  en^neen,)  a^eai  to  ma  to  be  aolgeet  to  mtui;  doabta. 
IfotwiUutanding  the  form  of  ihe  Adriatic,  it  i*  tOMcelj  pTobabls  that  tha 
level  of  iU  woteia  at  the  npper  end  ihould  be  almoit  28  IVench  fbet  holier 
than  that  i^  the  Hediterranean  at  HarMillea,  or  38'4  French  ftet  hi^iei 
tlao  the  level  of  the  Atlantic.     (S«e  mj  Ane  centr.  T.  iL  p.  SSS). 

^  p.  SB8— Beaael  iUwr  nuth  nud  Ebbe,  in  Soliamaehn'i  Jahrbndi  fur 
18SB,  S.  226. 

f)  p.  209. — The  deniatj  of  MB  wntd  depends  ooniraciwitly  on  the  tem< 
perature  and  on  the  degree  of  saltueu — a  eoiuideration  which  ba>  not  been 
anffiinenlly  alt^dcd  to  in  Inveatigatiimi  into  <he  canea  nt  cnireiiti.  Tiu) 
anbrnorine  eurrent  which  bring!  towirda  Oib  Equator  the  cold  water  of  UiB 
polo,  would  follow  an  exaetlj  qiposife  eounet  if  diBettnce  in  respect  to 
laltneaa  were  alone  concerned.  In  thii  point  of  view,  the  ge<^raphical  dii- 
tribution  of  tanperature  and  of  dennty  in  the  waters  of  the  ocean  i>  of  great 
inportanee.  Tha  numerooa  obsemtiona  obtained  bj  Lena  (F(^gendo[f  a 
Asnilen.  Bd.  n.  1630,  3.  129.)  and  by  C^tiiii  Beedi^  (Voyiga  to  tha 
Fadflc,  VoL  ii.  p.  727),  are  doervii^  of  putienlar  attention.  Compaie  alio 
Bnmboldt,  Belat.  higt.  T.  i.  p.  74 ;  and  Aiie  centrale,  T.  iiL  p.  85S. 

(**)  p.  800.— Humboldt,  Balat.  hiat.  T.  L  p.  U ;  Nowrdlca  Annalca  dea 
Tt^agM,  1SS9,  p.  iib. 

^  p.  300.— Humboldt,  Sinnen  crit.  do  I'hiit  de  la  Ofogr.  T.  iiL  p.  10% 
Colnmbn)  addi  ahortl;  after  (Navarrete,  Coleccion  de  lo*  vi^es  y  dcacobri- 
mlcntiw  ds  Idb  Ikpafiolea,  T.  L  p.  260),  "  that  the  movement  ii  iCroi^^  ia 
the  Caribbean  Sea."     In  fad;  Renneil  termi  this  r^^n,  "  not  a  cnrroi^ 

^')  p.  300.- Humboldt,  Eiamen  criL  T.  iL  p.  2S0 ;  Selat.  hiat.  T.  L  pp. 
M— 71. 

(^  p.  300.- Petnu  Maitp  de  An^Eiia,  Be  Rebua  Oceanieii  et  Orbe 
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IfoTD,  Bu.  1528,  Dec  iii.  Lib.  ii.  p,  61.    Sea  HomWdt,  Eiamen  oitifi^ 
T.ii.  p^  3B1— 257,  and  T.  iii.  p.  109. 

("^  p.  SOI.— Hnmbotdt:,  EiUBGn  eiit.  iii.  pp.  B4 — 109. 
[H.  de  Hnmbuldt  iim  not  aoticed  the  importaat  uid  philosophical  clnofi* 
eition  of  cnirents,  accoring  to  their  origin,  mto  drj/t  and  ttrean  currail^ 
istroduced  bj  the  late  Maior  Bennell,  in  Ms  Inveatigatitm  cd  Che  durents  of 
flie  Atluitic  Oceun,  p.  31,  Lund.  1832 ;  ■  diatinction  most  iiece9BHi7  to  be 
botae  ia  mind,  when  inqniiing  into  or  discuBsing  the  bisUHT  of  any  paitimhc 
enrrsat,  Accordiag  to  tliia  cJHSBificBtion,  t  ifrj^  cnmtnt  i«  tbe  effect  (^  a  n»- 
riait  or  of  a  very  prenlent  wind  (m  the  imfaee  utia  of  Uie  oomd,  bnpdliog 
it  to  leeward  unUl  it  meetx  with  aome  obitaele  which  stops  it,  and  occaiaoaB  an 
•eemnnlitioa,  the  aonmnliitiDn  giving  riw  to  a  itream  eiurmt :  the  obrtaek 
■nay  be  eilha  bind  or  banb,  or  a  itream  oment  abeodf  formed.  A  ttream 
enmut  is  the  Sowing  off  i^  the  accomnlated  waters  of  a  drift  current,  eaoBei 
by  the  eSbrt  at  the  HBt«  to  restore  the  eqniltbHnm  of  the  general  lend  nir&oe 
oftbeocean.  A  strBBmcnrrant  majbeirfanj  bnUt,  or  depth,  ocralodly;  * 
drift  cnrrent  ia  ehallow,  and  rarely  exceeds  mvelocily  therateof  helfaiiulean 
hoBT.  Vben  drift  ciurenk  are  opposed  by  a  stream  already  fca'med,  thef 
ntbra  feu  into  it  god  sitgment  it,  if  the  angle  wbidt  thdr  direction  makca 
with  tlut  of  the  streain  cnrrEnt  be  leaa  than  a  right  Bi^la ;  w  if  it  be  gmta, 
tha  drift  enrroit  itself  fonna  a  atream  cnrrent,  which  takes  a  pardlel  hat  oppo- 
litB  coniae  to  that  of  Qie  atrenii  by  wbieh  ila  progreaa  has  beoi  stopped. 
Thns  the  equatorial  cnrrent  referred  to  in  tbe  leit,  which  fiows  from  the  le- 
cmnnlated  watera  in  the  bend  of  tbe  weaton  eosat  of  A&ica  near  flie  ^^ 
of  Benin,  ia  banked  np  on  its  sonthem  side,  in  its  passage  aaoae  the  Atlantic, 
by  the  drift  current  impelled  by  tie  8.E.  trade-wind,  which  cnrrent  Ub  into 
and  eontinnally  angmenis  the  equatorial  etcemn,  maintaiBiig  it  IB  svoh  strength 
that,  on  its  airiTal  on  the  Brazilian  oOHst,  it  ia  ahle  to  foniidi  Qte  two  great 
braHcbes  into  wbieh  it  is  divided  by  Cepe  St.  Eoqoe,  the  N.E.  promontoty  of 
South  AmBrics,  one  branch  pursuing  its  coarae  to  the  Caribbean  Se^  and  the 
other  running  aonthward  atung  tbe  cotA  of  South  America  to  CAipe  Hton. 
It  appears  to  require  a  (orUieT  investigation  to  dedde  wh^er  the  atream 
ennent,  nferred  to  in  tiie  teit,  which  flaws  along  the  eoeat  of  Htmnj  tat 
ronnd  the  North  Cape  of  Europe^  and  is,  at  least,  munly  supplied  &(inl  llw 
accumulated  waters  of  the  drift  impelled  by  the  neat  and  aonth^wcri  winds 
which  prevail  to  flie  norfliward  of  the  trades,  derive  any  portion  wbataoevcr 
of  its  force  from  the  original  impulse  given  to  the  waters  of  the  gnlf-stream 
■tUa  outlet  from  the  Qulf  of  Mexico,  in  lie  Bahama  CbaaneL    IltetrMi^ort 
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t)t  Wot  TndiBD  attSt  to  Hie  oout  of  Norwnj  ii  nlonlitei  ;  md  eren  put*  of 
tbe  ttzgon  of  ytiuelt  vradcd  on  tlic  oowt  o(  Aftiot  luTe  n«eh«d  the  Norwe* 
ginn  ooBdt,  iflar  kaiii^  made  the  oinait  of  tiie  Wat  Indkn  Iilanda : — [foek 
■B  iniUnai  oooomd  when  ths  Editor  iraa  at  Hunmerfoit,  near  the  Noiili 
Cape  of  Europe,  in  1823 ;  ia»k»  of  palm  oil  wen  thromi  on  shore  belongir^ 
to  *  Teoal  which  had  been  wrackad  «t  C^  Lopei,  on  tlie  Afrioan  ooa«t,  near 
the  SqudM*,  Dndw  eireanutinoa  which  made  lier  lou  Uis  tatgeot  of  dticil** 
Mon  wlien  Uw  Bditor  wu  in  that  quarter  of  the  globe,  the  jear  pTMeding  hti 
Tint  Is  HanmHrieat:]— bat  it  ia  quite  eoncrinble  that  oiijeiita  convened  » 
eertain  diatanaa  bj  Uie  gulf-atnam,  and  thrown  trff  on  ita  noith  aide  into  tiie 
watora  whieh  da  not  putiripate  in  Om  movenent,  m^  be  sitbaeqiiEaUf  drifted 
I17  the  prevailing  weatajy  and  aonlh-weaterlj  winda,  in  aeeompaniment  with 
tte  anr&oe  witet  ot  the  aea,  acroaa  the  remaining  portiDB  erf  the  AtlaaCie. 
tbe  atream  enrrent  which  terminatca  m  ordinary  jean  at  the  Azorea,  and 
which  in  rare  inatancea  eitanda  to  the  coasta  of  &nrop<^  ia  nnqneatkiiiablf 
tracable  the  whole  mj  to  the  outlet  of  the  Galf  of  Heiioo,  b;  a  eontmioaa 
■tren^  of  corrent  and  wirm(h  of  water ;  bnt  with  respect  to  a  nortbem 
branch  of  the  galf-atnam,  aappoaed  to  detaiji  itaelf  to  iht  N.E.,  and  to  convey 
the  waters  which  have  luned  through  the  Bahama  Channel  in  a  continnooa 
(tream  to  the  Noith  Q^  (rf  Europe,  positiTe  intarmation  is  great);  wanting. 
.It  may  he  hoped  ttat  the  importance  to  naiigation,  as  well  aa  the  interest  to. 
physical  geography,  of  a  taS  and  etmiplcle  Icnowlo^  <tf  all  the  details  of  bi> 
icmarfcable  a  atream  as  the  gnK-atream,  will  caoae  it  to  become  ere  long  the  sub- 
ject lA  a  syiteniatic  lamination  and  sorrey. 

Amongst  the  aonrcM  wUcb  contriliute  to  produce  the  cnireiita  whieh  ate 
met  with  in  navigating  Ibe  ocean,  H.  de  Hnmboldt  has  not  mentioned  the 
discharg*  of  lai^  bodies  of  fivah  water  by  Ibe  great  rivers  of  the  globe,  which, 
nererthetess,  deservea  to  be  included  in  such  an  enomeratiou,  beraase  the 
river  water  is  aamettniea  ftmnd  to  preserve  its  original  direction,  and  to  flow 
wiUi  a  Toj  slowly-dimiuiehing  vdocity  over  Ite  surbce  of  the  ocean,  for 
tmrend  hniutred  milea  frnn  ila  fM.  enbance  into  the  aea.  Thoa,  the  current 
Mcanoned  by  the  dischsige  of  the  River  Plate  preserves  aa  easterly  directton, 
■ad  ii  sliH  found  to  have  a  velocity  of  a  mile  an  hour,  and  a  breadth  of  more  than 
800  mile*,  at  a  distance  of  not  Uaa  than  600  miles  &am  the  month  of  the  riref 
(RenneH,  Investigatinn,  p.  66.)  The  current  produced  by  the  watBca  of  the 
River  Amnion  is  another  eismple  of  the  same  liind.  This  current  was  crossed 
t^  the  Editw  in  Uie  "  Phessaut"  aloop  of  war,  in  the  year  1832,  at  a  dia- 
tanOB  (rf  upwards  ot  SOO  milea  bom  the  month  of  the  river,  still  preserving  • 
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lAnntj  at  nm^  time  milra  in  hooi;  fta  origiul  dinetioil  bdng  but  WM 
•Itend,  and  the  fmh  witct  bet  putiallj  mixed  with  Uiat  of  the  ooeaB.  U 
both  the  oMei  rebrred  to,  the  river  earrent  crcieKe  neu^  *t  e  li^t  an^  i 
itnsin  earrent  of  the  ocean,  ni.  the  two  bnucbw  into  «hi(^  ths  cqi>- 
torul  ennent  difidei  et  Cepe  St  Boqn».  Ron  the  \em  apedfle  gnri^  rf 
ite  otter,  the  river  ennent  flowi  over  ai  netl  m  Kioea  the  oceem  i  nil  nil. 
whkh  reqjpen  on  either  aide  of  it.  On  the  aide  whcze  the  ommi  eonait 
im]nagw  on  the  rivei  rinam,  the  line  of  aepuitiOD  of  the  wilae  in  the  oaa 
•f  the  AnwKm  me  reiy  diatinctl;  mailed  bj  diSeraioe  of  adonr,  aad  the 
rivra  wata  WW  M*^  *  degree  of  temperatnre  wannn  Ihu  that  of  the  oeew. 
Oa  the  opposite  aide  of  the  rirer  atnam  the  diatinction  between  ita  Mvtra  >b4 
that  of  the  ate  wu  gndoiBf  end  iuacDaib);  lost,  bat  wn  deuif  determiaaUe 
for  a  breadth  of  above  100  milei  (Sabine,  Pandnlum  md  otlua  Gipanmient^ 
Idndon,  1S25,  pp.  MS  to  446.)— Editob.] 

^1*1  p.  804.— Hie  nnknown.  vuee  said  to  lum,  "  Uaravilloetunente  Digs 
Iiiio  tonai  tn  nombn  en  la  tian  i  da  loa  atemientoa  de  la  mar  Ocana,  que 
cataban  eenadoe  oon  «aclniM  t*B  ftwtt«^  te  did  lae  Dales."  The  dream  of 
Ctdnmbo*  ia  rdated  in  the  lettat  to  the  CtllKdie  mooiidia  of  Jnlf  7,  IfiOS 
(Humboldt,  Examen  criliqiiB,  T.  iii.  p.  8)4). 

1^  p.  805. — BaaBaiiigaalt,Bediecdieisiirlaannpoaitiondari,tBOqAii% 
Annalea  de  Chimie  et  de  Fl^nqne,  T.  bii.  I8S4,  pp.  171—173 ;  *i.  T.  Ini 
1889,  p.  110.  AECordtng  to  Bomsiifflalt  and  Lewy,  the  (at^iortioB  of 
earbonio  aeid  in  the  atmoiphae  a(  Andillj,  at  a  distanM,  UierBlbi^  &om  the 
•ihalationa  of  oitire,  varied  on);  between  000038  and  OOOOSl  in  Tolnmn. 

n  p.  SOK.— IdeUg,  in  hit  impintmt  woi^  entitled  Die  ofgwisdM 
CliMnie  in  ihrer  emrendnng  eof  ^penhm  nnd  Hfndogie,  1840,  S.  64 — tSjt 
On  tlie  inflnenee  of  etmosphatio  deetricit;  m  the  prodneiiini  of  nitnia 
ammonia,  wMdi  i*  duuig«d  into  earbonio  acid  I7  contact  with  lime,  Mt 
fiouaainganlt'i  £eoiwniie  ninle  oonsid&ee  dana  sea  i^poita  avee  la  Chiwa 
•t  1*  HMaraloeie,  1844,  T.  iL  pp.  247  and  A97.    Compare  alao  T.  i  p.  84, 

^  p.  SOS. — Lewy,  in  tike  Comp4«t  lendna  de  VLsuL.  dee  SctaoMS, 
T.  irii.  P.  8,  pp,  BBS— 848. 

(^  p.  80S.— J.  Ihunu,  in  the  Annalea  de  Chimin  S*  S4riv  T.  iiL  1S41, 
p.  Z57. 

^  p.  SOS.— I  bare  not  indnded  in  Ihia  ennnentisn  the  cahalatM  tt 
carbonic  add  gaa  by  plintt  during  the  niglit,  when  th^  inhale  oxyges,  be- 
aanae  thia  aouice  of  addition  to  the  qoantity  <i  orhoniit  acid  in  thr  atmoaphBa 
b  fiillf  fompenmted  ^  the  nepintion  of  plinli  daring  the  daj.    Compan 
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BonniiigMilf  *  "  Soon,  nmle,"  T.  i.  pp.  63 — SS ;  and  LieUg't  "  Organiieht 
Cliemie,"  S.  16  and  21. 

P*^  p.  807.— Obt-I4UWc  in  the  "  Aimalw  de  Chimie,"  T.  liiL  p.  ISO; 
Pojen,  "  Mem.  mc  U  campoailioii  chimiqae  dei  Vegetuu,"  pp.  36  nod  43 ; 
IJebig,  "  Org.  Chemie,"  S,  239—3*5;  BoiuiingBnlt,  "  Econ.  nmle,"  T.  i 
re.  142—153. 

^)  p.  SO?.— B;  qipljing  the  fonnnlie  idiich  Laplace  eonunaiiiclted  ta  - 
t^B  Board  ol  LoDgitode  ■  ihort  tiine  befon  Ui  death,  Bonnrd  (bund,  in  IBS?, 
that  the  pivtioD  of  tike  honrf  otdllatioiii  of  tha  pnamra  ol  the  atmwplun 
vhich  remit*  {rom  the  attractura  of  the  moon,  cannot  raiM  the  colnmn  of 
neicQiy  in  ths  birameter  at  Pari*  more  tboo  (VOlS  of  •  miUunibv ;  while 
Uie  meaa  otcilladon  of  the  banHiietar,  derived  from  11  jtaa'  obaoration  at 
Ptra,  it  O'JSS  of  a  milliuetre  thnn  9  i,VL  to  3  pji.,  and  O'STS  of  >  uilli- 
m^e  from  3  r.n.  to  9  r.tt.  S«a  "  Hjmdtea  da  I'Acad.  dea  Scdaneea,"  T.  ni, 
1827,  p.  207.  [Tfae  Iioai^  obaemtioa*  mads  wne  1343  at  the  Britiih 
liagnetical  and  Heteoiolagial  Obaenatorf  at  St.  Helena,  ban  thinia  that 
Uie  attraction  or  tbe  moon  ouns  th«  maicniy  in  the  banHneta  to  atand,  ob 
the  average,  '004  of  an  Engliih  inch  higher  when  the  moon  i*  on  the 
nmridtBD  above  or  below  the  pole,  than  when  ihe  ii  aii  homa  distant  froik 
the  meridiu.     (PioL  Trans.  1S4T,  AzL  V.)— Bdrok.] 

(^  p.  308. — Obeerxtiona  bites  pom  oonatato'  la  nuiehe  des  variatioiM 
boTuiei  do  laiom&tie  aoot  lea  tropiqaea,  in  m;  Relation  hiittiriqne  dnVojigB 
HI  Begioni  llqainoiialeB,  T.  iiL  pp.  270 — 318. 

[H«  imptilse  and  aptematio  directiDn  which  hai  been  given  to  meteoro- 
kf^eal  obBervatioiii,  b;  the  eaiahlishnunt  of  meteorological  obaervatohee  in 
^Saeat  parts  of  the  globe,  has  alrcad;  thrown  a  new  light  cm  the  dinmd 
vaiiatioiit  of  tbe  barometer.  It  has  become  blown  that  at  ■lationt  ntnated 
in  the  inlerioc  of  great  continenta,  v«7  diitimt  &am  tbe  ncnn  oc  from  larg* 
bodies  oT  wsler  from  whence  snppliea  of  aqneoni  vapour  maf  be  derived,  and 
where  the  sir  conaeqneutly  is  at  ill  tunes  altremelj  dr;,  the  donble  nia^ 
nuun  and  »*!■;'""""  of  the  diurnal  variation  of  the  bananeter  aithcr  wheDj  cr 
alnuat  whoUj  disqipesr,  and  the  variation  eonaiitc  in  a  sn^  ntaiimnB  and 
Biinimnm,  wbidi  occor  reapeetiTdj  neari;  at  the  eoldnt  and  at  the  hotteat 
hosn  of  the  daf  i  the  greatest  height  of  the  mennrj  being  at  or  near  tiie 
eoldeatlioaT,  and  tbe  least  height  at  «  mar  the  warmest  honr.  For  tUe 
muplc  state  altht  phamomeDoB  an  eqnill;  vm^  explanation  presents  itself  i 
the  lor&ce  of  the  earlh  becoming  warmed  bjthe  ami's  laya,  imparts  heott* 
theitnla  of  the  atmosphere  in  contact  with  it  j  the  nipeiiuciBnbent  air  13uii 
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tutfled,  the  cdnmn,  ertending  in  hei^t,  ovaiflowi  latenHy  in  tba  hi^te 
Kgioos  of  the  atmosphen.  ind  Ote  aUtictd  prrasore  at  the  base  <tf  the  colmaa 
jg  diminished.  In  the  alUnuKm  iba  oaavtite  Ma  place:  the  ce'.nnan  id  air 
cools,  eoadeniM,  and,  contxaeting  in  height,  rec^vea  the  mafiow  from  tbs 
adjacent  air,  which  in  its  torn  b«eomes  heated ;  and  thus  ilie  statical  premnre 
ia  increased.  Tlie  statioDS  at  which  thia  more  simple  fonn  of  the  baroiDebie 
dintnal  oiire  has  hithsrlo  been  fonad  to  take  place  an  CathErinenboai^ 
Nertchiiiili,  and  BaniBiml,  all  in  the  Bosnan  territories,  on  the  confines  ti 
Europe  and  Asia. 

WheDever  a  fre*  commnnication  with  a  safficientl;  eitensire  eraporatiiig 
•nrEsce  eiists,  a,  diurnal  variatian  is  also  fonnd  to  take  place  in  the  tensioa 
at  tlie  aqoeous  vapour  in  the  atnu)sph»e,  proportioned  in  amoant  to  thi 
dinmal  laiistioii  of  the  temperature.  If  the  sonrces  of  vapour  be  ample  to 
(oppl;  the  drain  of  the  ascending  cnrrent  of  (he  air  vhicli  csiriea  mpwr 
in&  it,  aa  well  as  to  furnish  the  increasing  tension  which  the  increaBiDg 
temperatun  demands,  the  dinmal  variation  of  the  voponr  tensioa  lias  its 
mmimmn  at  tit  near  the  hottest  honr  of  the  daj,  and  its  minimoiD  at  or  near 
tiie  oddest  hour,  being  tlie  conreisa  of  tbe  diurnal  variation  of  the  dry  air  {at 
of  the  itaaeoas  pordoa  of  the  atmoaphme),  which,  as  before  stated,  has  il* 
maiimam  at  or  near  the  coldest  honr,  and  its  miuimnm  at  or  near  tbe  wannest 
konr.  lite  eombination  of  the  diumsl  variationB  of  the  vqiour  and  <tf  tlie  iij 
■ir,  which  oonjrantl;  produce  the  diurnal  variation  in  the  pressure  on  the  Iw- 
Tometer,  occaaions  the  double  maiimnm  and  minimnm  of  the  barometric  enrva 
in  the  temperate  EOM,  at  stations  not  >c  far  removed  as  the  Russian  ones  bus 
the  sonices  from  whence  vi^ar  can  be  anpplied.  If  the  elastic  hme  of  the 
v^our  he  obacrred  by  meaiu  of  an  hygrometer  with  the  aame  care  that  the 
barometer  ia  observed,  and  if  the  req>ective  pressnrea  of  the  dastic  forcee  at 
the  air  and  of  the  vaponr  upon  the  mercury  of  the  bsrometci  be  sepented 
from  each  other,  the  dinmal  variation  of  the  dry  air  exhibits  at  all  stations  ia 
file  temperate  une  at  whidi  oluemtiona  have  hitherto  been  made,  a  nmilsi 
enrre  to  that  which  the  whole  barometric  pressore  prodncea  at  the  Ruiaiaa 
Nations  where  Uie  ur  ia  naturally  dry. 

At  Prague  in  the  interira  of  Eorope.  at  Toronto  >■  the  interior  of  Amena 
hit  atuat«d  near  eiteosivo  lakes,  and  at  Greenwich  in  the  viciui^  of  (ht 
ocean,  (he  dinraal  variation  of  the  dry  air  has  hot  one  maiimnm  and  oM 
mioimnmi  and  these  coincide,  or  nearly  coincide,  with  the  coldcet  and  thi 
waarmtat  hoois  (Sabine,  Keporia  of  the  Brit.  Assoc.  1S44,  pp.  ii—ti). 
Hence  it  has  bees  inferred,  that  the  normal  state  of  tiie  diurnal  vi 


pp.  4a-eg).         I 


NOTES.  d 

bn  ganoM  purtimi  of  tte  shnosplirre  in  the  Cempcrnlt  w«  ia  ftut  of  a  angle 
|»c^E«saios.  bning  ■  muiniiim  at  or  near  the  oildot  hour  of  the  da;,  sad  k 
mioimaai  at  or  nxaz  the  waimot  hour ;  that  at  station*  of  retntrliaMe  natoral 
byne»,  ttai  cnrte  >•  giTcn  dinetif  by  thg  barometer ;  and  that  at  other 
itatioDB,  where  aqneoiu  raponr  miin  in  the  atounphere  in  a  greater  degree, 
the  same  enrre  ia  dednrible  from  that  of  tha  baromder,  I7  tepa  rating  the 
dast^c  tone  of  Ifaa  v^ionr  finaa  Qu  whole  prsuure  ibewn  bf   that  in- 


Ab  a  coDMnnitnit  )^nno«ien(Ri  with  tlia  diurnal  rariation  of  the  gBKona 

presaure,  and  due  origiually  to  the  hdw  codm,  (Tii.  the  alternate  heating  aod 

cooling  of  the  earth's  lurhce  hy  ndiatiou,  althot^  an  immediate  conKqueiica 

of  the  aaceodiiig  cnrrent,)  we  ted  a  diurnal  ruiatiMi  taking  place  in  the  foroa 

of  the  wind  at  or  near  the  base  of  the  coIdiud.    At  Greenwich  and  Toronto, 

ivbne  the  force  of  the  wind  i>  continually  i«etvded  by  self-regiitering  instm- 

menta,  it  ia  found  to  undergo  a  dinmal  variation  eonaiitiug  of  a  aingle  pnigiea> 

sion,  having  a  minimum  at  ca  near  the  coldest  hour,  and  a  maximum  at  or 

near  the  wannest  honr  of  the  d^.     Soon  after  the  ascending  current  haa 

Ctdnunenced,  a  lateral  inflni  ia  piodnced  to  Bnppl<r  the  drain  which  it  occasions  g 

the  coaler  air  as  it  arrives  becomes  heated  iu  its  turn  and  ascenda }   as  the 

upward  current  gathers  strength  with  the  incrouing  temperature  of  the  day, 

the  lateral  lulliii  augmenta  also,  and  attaing  it*  maximum  about  the  hoar  when 

the  phtenomena  of  increasing  temperature  give  place  generally  to  those  d 

decreasing  temperatorfl. 

The  iusijfht  which  haa  been  obtvned  into  the  mutud  relations  of  the* 
meteorological  phtenomena,  and  into  the  sequence  of  natural  causes  and  effect! 
by  which  their  connection  is  explained,  is  a  fiirther  illustration  of  the  progmt 
irtiich  is  made  in  the  physical  sciences  by  tha  aid  of  viem  mtmerieal  wUuet. 
The  connection  which  the  knowledge  of  these  valoa  has  eatablished  betweea 
the  diurnal  phtenomena  of  the  diferent  elements,  and  the  dependence  which 
it  has  shewn  them  to  have  on  a  eommon  cause  (vis.  oh  tiie  rotation  of  the 
earth  on  its  axis,  whereby  each  portion  of  its  snrftee  ia  anccessively  turned 
towards  tie  sun,  and  each  meteorologies!  dement  is  thus  subjected  to  a  fluo- 
(nation  of  which  the  period  is  meaaured  hy  a  day),  adds  another  beautiAll 
inatance  to  those  which  have  been  cited  by  h(.  de  Humboldt  ia  the  text,  <d 
the  ahnplicity  with  which  genera]  results  in  the  phyaical  adencea  can  be  pro- 
aeuted,  when  the  hnks  of  mutual  relation  are  discovered  between  pIueiiomen% 
whidi,  when  \ookei  at  sing];  and  soperfititdly,  appear  mtconneote^  and  whoa 
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a  itt^pa  tnd^  ii  obtiined  bito  the  intiieabi  pl^  of  mliml  lina^  hj  jmi- 
nlng  tki  ■trictl;  iidoctiTemctkodof  innrtiptkHi,  natiiiB  cmtlw  neon  bav  si 
eoncet  quntilitiTe  detaminatkiii.  The  tmual  niBtioB*  irf  tha  mat«o- 
NlogicalelaiKiiUifli»dBot  kkMltrildiigerampleofllwiBoreoTleaB  iana- 
jhted^eodenct  ^iwail^ffMtit^nneonMdedjiheMwment  en  the  -rwrm- 
taniw  <rf  Um  tempenttm  oecMJoiiad  I7  Ika  aith'i  uunul  rarolation  ib  it*  oilaL 
lb  metlDd  wd  afilcmitic  diitctua  whk^  dkiniAcgdwa  tbs  nutaorologtcal  IB- 
■earchn  <rf  the  prcunt  period  promiMS  in  •  pecaliir  dqjrea  to  leveal  tti 
"  eoiutaiit  amid  change,"  the  "  liable  unid  the  flow  of  phmomena." 

H.  Dove  (to  whom  ia  primuil;  dae  tlie  new  aapnt  whidL  thii  liiaiilifiil 
Innch  (rf  pliTncal  iimriigihan  h»  aBramtd  bj  the  K^antum  oT  llic  iHEuuMa 
)rf  the  aqoeoDa  and  gaaeom  portiona  <rf  the  atoioqihae),  haa  tcij  reocaUj 
■hB<ni,iDiiDeinoirieKltatlieA«adeiBTirf8cienoeaat  B(flia(Hani  18U), 

tko  into  the  intertropied  rcpoai.  At  Bnitaniorg  in  Java  the  dry  air  ia  (band 
to  have  a  amgle  nuTJnmm  oA  miniTnnm^  the  ^oeha  irf  which  ooineide  i«- 
qnctivelj  with  the  ooldeat  and  wannnt  honn.  It  wai  prenooalj  knowa 
(Sabine,  Keport  of  the  Britiah  Aaaodatiaa,  1U5,  p^ea  78—62,)  that  it 
Bombaj,  aln  within  the  tropica,  a  leu  nmple  law  pivniled,  the  gaaeooa 
atmosphere  haring  there  a  doable  moiimnm  and  minimnm  in  the  twen^-boi 
boon,  acoompanjed  bf  a  eomapanding  donble  progreBian  in  the  fbcee  ai  the 
wind.  The  ptuenomena  at  Bomb^  are  bf  ao  meani,  howerer,  to  be  nawed  aa 
a  eontisdietiDa  to  the  prindplei  on  wUdi  the  mcse  liniple  pngieeaon  ^cviiL 
iag  elaewheie  ha«  been  eipUined ;  on  the  oootrai^,  an  erienaon  of  the  eama 
^iueiplea  to  the  more  complicated  rehtknu  produced  b]r  the  jaxtapoeitioa  of 
■w&eei  of  land  and  u,  and  bf  the  difierent  affeetiona  of  theae  aoibeaa  I7 
tMuperatnre,  had  led  to  the  eipectatioD  that  lodi  eieejiiMul  cwet  would  be 
finmd  within  tte  tropia ;  tlie  mutual  rtletiona  of  the  diumal  nriatiiHia  of  the 
peeoo*  pteHuie  and  t^  foree  of  the  wind  haTe  received  a  fiutlicT  and  vvj 

is  fooud  to  coincide  with  the  greateit  strength  of  the  land-breew,  the  other 
miji'l'l'l"  with  the  greatest  atrength  of  the  wa-brene,  and  the  epocha  of  tlu> 
two  "■"''"'  of  premire  coireepond  reapectiTdf  with  thwe  of  the  two  miniiaa 
of  the  tbree  of  die  wind — Bniroi.] 

O  P-  SOB.— Bravaii,  in  "Kaemtx  A  Hartine,  M^t&milagie,"  p.  Ul 
At  flalle  (111.  El°  290  Q<e  oKillition  atill  unonnU  to  O'SB  Freiuh  link. 
Apparently  a  vn;  great  namber  of  obeervationt  will  be  teqatiila  to  obteia  ■ 
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^ood  ileteniiiiutioa  al  the  lunm  of  a 

tlie  tcmpente  sma,    Cetofm  obumldaiu  inaaB  in  18B2,  1S41,  ul  1S43. 

«Hi  tliB  mmmit  of  the  FanlboTii  (Hutiiu,  Mctiorologie,  p.  S!U). 

(^  p.  30Q.— HiuiiboLdt,£aniiDrl>GMgr*pliiedieaPlBBte«,lSOT,p.  M; 
■nd  in  B«L  hiit  T.  iii.  p.  81S.     On  the  duniiiaHan  of  tlie  ttmospheiio 
prewnn  in  the  tropial  poiiioa  of  the  Atlantic  Oeem  (Humboldt,  in  Poggnid. 
Amukn  dei  Fhjnk,  Bd.  mvii.  8.  UG— 2GB,  wd  8.  468— 18S). 
^  p.  SiO.— Dnu^,  in  Comptce  iradu,  T.  iii.  p.  ISO. 
n  p.  810.— Dore  iiber  die  8tanne,  in  Fcgfnind.  Ann.  Bd.  Iii.  S.  1. 
p*")  p.  310. — Leopold  Tou  Bndi,  henHnetriwhe  WindnMc,  in  den  AbhmdL 
dor  AlBd.  da  Wiu.  la  Bertin  to*  den  I.  1S18— 1819,  S.  1ST. 

n  p.  810.— Dove,  Meteorolt^dke  Untonehmigen,  18S7,  S.  09—843 
■ud  Kimti'i  ingemons  reourk*  on  the  deecent  in  the  higher  lititndB*  of  tha 
<q>peT  current,  end  on  the  geoenl  phEcnamene  at  the  direction  of  the 
-wind,  in  his  "  Vorkaimgea  iiber  Meteorokigie,"  1840,  8.  58—66, 196—200, 
837- SS6,  8E3— 364.  Alu  in  ScluuiiBchBr')  JRhrboch  fat  ISSS,  S.  201— 
803.  Ikive  bat  giren  i  very  hippy  end  liTel;  npreientatioti  of  meteoiologiral 
phiBDomena  ijatematioil];  viewed,  in  e  short  memoir  entitled  "  Wittcning(> 
TerbaltniBie  toq  Bexlin,"  1842.  Coaceniiiig  the  early  luiowledge  of  the 
rotation  of  the  wind!  pDHeMe4  by  naiigaton,  compere  Chnrmca,  "Viage  al 
VBgeDaae*,"  1793.  p.  IS  i  end  rcepectiag  a  remarkable  etprcsekm  made  on 
of  by  Cdombns,  and  pKMcred  by  hii  son  Boa  Fernando  Colon  in  the  "  Vida 
del  Almirante,"  cap.  5G,  m  Bomboldt's  Euineo  ciitiqae  i«  Vbkt.  d*  la 
e^ogtaphie,  T.  i».  p.  BG8. 

^)  p.  311. — "  Monnm,"  Qa  Maby,  mnam,  the  hippalns  of  the  Greeks), 
i(  derited  from  the  Arabic  word  "  ■uninn,"  flicd  time  or  ^och,  icutd^ 
time  of  the  esaembling  of  the  pOgrims  at  Mecca.  The  word  bu  been  trus- 
Ibrred  to  the  seasan  of  the  regulsr  la  periodical  winds,  which  are  named  from 
the  eomibriea  from  whente  they  blow, — aa  "  the  MBnaim  of  Aden,"  "  of 
Gnzent,"  "  of  Malabar,"  &c.  (Laseen,  ludische  AltcithDmsknnde,  Bd.  i.  184S, 
S.  211).  On  the  different  relaCioaa  wMuh  prerul  where  the  atmosphere  has 
■  solid  end  where  it  has  a  liquid  base  (hmd  and  sea),  see  Dove,  in  the  AbhandL 
^  Akad.  der  Vfiss.  za  Berlin  aui  dem  J.  lg4S,  8.  239. 

f!*")  p.  816.^ — Homboldt,  Becberdiea  enr  lea  cansei  des  Infleiiotu  dM 
lignes  isothennca,  in  Aoe  oenti.  T.  iii  [^  108—114,  116,  122,  188. 

^')  p.  B17.~GEafg.ForBter,  HraneSchriilen,Th.iil.  1794,  S.  87 ;  Lot^ 
in  Schumacher's  Jahrbocb  f  iir  1841,  8.  289 ;  Kiuntz,  Meteoiologi^  Bd.  ii. 
a.  41,  48,  67,  sud  96 ;  Ajago,  in  Coltipte»  reudul,  T.  i.  p.  i68. 


(")  p.  819, — Banle,  Dmna  Commedu,  Porgatorio,  canto  iii. 
<"•)  p.  820, — Hamboldt  snr  lei  Ijgnes  uoUieniies,  in  the  ''  Mfmoim  h 
phjriqao  et  de  chimie  de  la  SocWU  d'Areneil,"  T.  iii,  Puii,  1817,  p.  14S— 
106  ;  Knight,  in  TranradiioiiB  of  tJie  HortJcnlturaJ  Society  of  London,  Tol.  i 
p,  33 ;  Watson,  Bemuks  on  the  (hi^TBpbical  DiatrihatiDH  of  British  Flinty 
18SB,  p,  60  ;  Trevelyan,  in  Jameion'a  Edinburgh  New  PhiL  Joumal,  No.  IS, 
p.  151;  MahlmanH,  in  his  excellent  German  translation  and  csmpIetiaD  of 
m;  Aaie  centrale,  Th.  ii.  S.  60. 

^"j  p.  331, — Hffic  de  temperia  sris,  qui  temrai  late  tircnmfundit,  M  i> 
quo,  longe  a  solo,  instramenta  nostra  meleorolojica  Bospeusa  habemiis.  Sei 
alia  est  caloria  vis,  qnem  radii  salia  nnllis  nnbibos  velati,  in  follia  ipaia  ct 
fraetihnaiDatareacaititnu.migisminneTecoloratis.gignunt.quemqDe.  ut  egre^ 
demonsCnoit  eiperimenia  amiduimamm  Ga^-Lasaacii  el  Theuardi  de  cnm- 
bnstione  ehlori  et  hydiogenu,  Ope  QiennomEtri  metiri  nequis.  Bteaim  lodi 
plinia  et  montanis,  vento  libe  spirante,  ctKomfdsi  leris  temperi«s  eadem  esae 
potest  ccela  mdo  rel  nebnloso ;  ijeoqne  ei  obaerrationibos  solis  thermutnetrid^ 
nnHo  adhibito  Photometro,  band  eogno5«e«,  quam  ob  causam  Galliw  aepten- 
bionalis  tractus  Armoriconus  et  Nervicus,  versua  littora,  ccelo  t«mpemto  scd 
iolE  nuro  atentia,  Vitem  fere  non  toleraut,  Egent  enim  stirpes  uon  aolnm 
calorie  stimnlo,  led  et  lacia,  ^ute  magis  intenai  locis  eiceMs  quam  plani*, 
dupUd  modo  plantas  movet,  ri  ana  tnm  proprii^  tom  colorem  in  aiqierEde 
eanua  eidlmte.  (Humboldt,  De  dietribatione  geogr^bica  plantarviii,  1817, 
pp.  16S— 1S4). 

(*)  p.  321.— The  wort  la«t  quoted,  pp.  166—161;  Meyen,  in  hi* 
"GmndrisB  der  Pflanzenge^raphie,"  18S6,  S.  879—467;  Boossinganl^ 
"  Economie  nirale,"  T.  ii.  p.  67S. 

(■*°)  p.  32.'!, — 1  subjoin  a  Table,  eihitatii^,  in  a  descending  scale,  tht 
wipability  of  different  places  in  Eimipe  for  the  production  of  wine.  See  mj 
"Adecentrale,"  T.  iii.  p.  158.  The  numerical  data  for  thebanka  of  tha 
Bbioa  and  the  Main  ace  f^ven  in  addition  to  those  for  the  places  referred  t« 
in  the  teit  of  Cosmoa.  k  comparison  of  Cherbourg  and  Dublin  witli  placet 
in  the  interior  of  Enrope,  ahews  that,  with  hot  little  difference  of  temperature 
ao  br  BS  the  indications  of  the  thermometer  in  the  shade  are  concerned,  tha 
qoestion  of  matnrity  or  immatnrity  of  fruit  ia  detcnmned  bj  the  bahibn) 
ierenity  or  cloudiness  of  the  sky. 

The  great  accordancB  in  the  dietribatiou  of  the  annual  temperatot 
Qironghont  the  different  seasons  <^  the  jeai  in  the  lalliea  of  the  Rhine 
and  the  Mdo,  tends  to  conSnn  the  twcnniT'  Of  the   observations,    ^ia 
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Buntlii  of  DecsmtMr,  Jnuurf,  md  Febnuij ,  mi  takoi  u  winter  months  m 
it  boUi  the  niuil  and  the  most  ■dvsntageaiu  ■mi^ement  in  meteortdogicd 
tables.  When  ire  eampare  the  qoalitju  of  the  winei  of  Fnnconi&  and  BoVb, 
•nd  tlte  man  snnunei  md  mtiunD  tempenitarea  of  Wunbm^  and  Beriia, 
we  aie  almoat  nupiued  to  find  that  the  Umperatuna  diffier  onlj  1°  or  I'.S 
of  Uie  Cent,  thennometcr,  ot  about  i!°  of  Fah.  The  Bpring  difference  m 
greater,  bein^  about  2°  Cent.,  or  ncari;  4"  of  lUi.  The  inSnence  of  lib 
May  froAi  on  the  flowerk^  Muoa  of  ^e  vine,  ■fto' a  winter  of  wrreapondinglr 
lower  tempBintnre,  ia  Ml  element  of  no  Ina  importance  than  the  Iat«  aeaaou  it 
the  ripening  of  the  grapei,  and  the  infloence  of  direct,  not  diffused,  aalar  li^ 
nnobscnnd  bj  olouda.  Th«  diflbnmce,  allnded  to  in  the  teit.  bi^weea  Qm  tma 
tempeiatnre  of  the  inrface  of  the  gronnd,  and  the  indications  of  ■  tbenuonieta 
placed  in  the  diade  and  protected  from  extnmeoas  inSaencea,  haa  been 
inrertigiitcd  by  Dove,  from  the  obaeryttiong  collected  dnring  fifteen  years  *t 
the  garden  of  the  Horticukoial  Society  at  Chiswick,  near  London,  in  Bcfichl 
uba  die  TerhuidL  der  Berl.  Akad.  dcr  Wisa.  Aognst,  1S14,  S.  285. 

(^  p.  S2S. — Compare  nqr  memoir,  "  iiber  die  Eanpt-nrsachen  da 
Temperatnrverscbiedenlieit  lof  der  Erdaberflacbn,"  in  Abhuifl.  dei  Aloid.  da 
Wbaenach.  za  Berlin  nu  dam  Jahre,  1B27,  S.  SIl. 

n  p.  SS3. — The  genera]  level  of  Siberia,  betireen  Tobobk,  Tomsk,  and 
BarDBnl,  from  the  Altai  to  the  117  sea,  is  not  so  high  as  Manheiiii  and  Sreedea ; 
and  even  Irkatsk,  tar  to  the  eaat  1^  the  Jeniwd,  is  only  Z08  toises  (13S0 
Engtiah  feet)  abore  the  level  of  the  sea,  or  abont  one-thiid  hiwer  Quta  IConicb. 
C")  p.  326. — Hnmboldt,  BecueU  d'ObaerratioDa  astronomiqnea,  T.  i  pp. 
129 — 140;  BeUtionlustariqne,T.  i.  ^.  119,  141,  and  227;  Btot,  in  Con- 
najaaance  dee  temps  pom  I'an  1841,  pp.  90—109- 

(«»)  p.  327-— Anglerina  de  Rebna  Oceanicia,  Lee.  11,  Lib.  ii.  p.  liO  (el 
CoL  1574.)  lu  the  Sierra  de  Santa  Marts,  the  highest  eommits  of  whiil 
Ippear  to  eiceed  18D00  (above  19000  English)  feet  (Humboldt,  Relat.  hilt. 
T.  U.  p.  214),  one  peak  ja  still  called  Pico  de  Gaira. 

<*»)  p.  338.— Compare  the  tabk  of  the  heighta  of  perpetual  snow  in  butt 
hemispheres,  from  71°  It'  of  North  to  53°  &4'  Soatb  latitvde,  in  my  "  Am 
eoitrde,"  T.  iii.  p.  360. 

(*°)  p.  329. — Darwin,  "Journal  rf  the  Voyages  of  the  Adventure  toj 
Beagle."  p.  297' —  Asthevolcanoof  Aconc^[Ba'™*'"^'''8n"i<rnjiti)D,Uii 
remarkable  pluenomcnon  of  the  absence  of  snow  cannot  have  been  tanstd,  eb 
it  aometimes  is  <Hi  Cotiqiaii,  by  the  rapid  heaUng  of  the  interior  of  the  ciale^ 
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or  by  tiwemurioBrf  heated  guaotlumghfiiinm  (GiDica,  intbe  "JoDnul 
of  Nat.  Samixi,"  18S0,  p-  3ie>. 

f^  p-  S30. — See  my  "  Seomd  HAninre  nir  let  Montague*  de  I'lnj^"  !■ 
tliB  "  *"Ti«l»«  da  Oumie  et  de  Ilijuqite,"  T.  in.  pp:  S — 5S,  md  "  Ana 
centrales"  T-  iiL  pp.  SSI— 837.  Tka  bet  itf  the  greater  elevation  of  tlia 
enow-lioe  on  Qui  ThUMtiui  ada  al  tha  HinuUja  was  supported  faj  the  moat 
csperieoeed  and  bat  infunied  Indian  traTelleil — Colebioole,  Webb,  and 
Bodgaon,  Victtr  Jaeqaenon^  EMo  Royli^  Carl  von  Hiige],  and  Vi^e, 
all  of  whom  knew  the  moBBtaiiia  by  pertMal  emmiaatioa.  It  naa,  however, 
treated  ai  donbtM  bj  Jdm  O^rard ;  tlie  gmlogiBt  Mac  Glelknd,  editor  of 
the  "Calcutta  Joonul;"  ud  lieuleHBiit  Thonaa  BnttoD,  Buiatant-anrvefor 
of  the  Agra  divifdoo.  The  psblicatiaa  of  m;  woric  on  Ceotral  Asia  occasioned 
the  lenenal  of  the  diieuaiiou.  A  recent  nnmber  of  a  journal  published  in 
India  (Mao  deUand  and  GriffiUu'  "  Calcutta  Journal  of  Natural  Jliatoiy," 
Tol.  It.  Jannai7  1814),  coutoini  a  lemrabbte  notice,  nhich  seems  nearly 
CDoclnaiie  as  to  the  limit*  of  snow  on  the  EimBl^a.  Ur.  Batten,  of  the 
Bengal  aervioe,  writes  from  the  camp  of  Semnlka,  on  tJie  Htci  of  Cosillali,  in 
the  proTLucfl  of  Kumaoon: — "I  have  only  recentlj  read,  and  nitli  surprise^  the 
statements  of  lieut.  Thomas  Hottan  respecting  the  Umila  of  perpetual  «now 
I  ftel  it  a  doty  towards  science  to  contradict  these  aisertions,  because  Mr. 
Mac  Gelland  goea  ao  br  as  to  speak  of  the  'service  which  Lient.  Huttcn 
baa  rendered  to  aeienea  bj  dispdling  a  widelf-pretailing  error'  (Jomnal  of 
file  Aaiatio  So6etj  of  Boigal,  VoL  ii.  Caleotta,  IBIO,  pp.  E7S,  &78, 
and  5S0).  It  la  an  emmeons  aaaertjon  that  evei?  traveller  in  the 
EimalafB  must  participate  in  Hntton's  doubts.  I  am  one  of  those  bj 
whom  the  western  portion  of  our  great  diain  of  monntsius  hsa  been  most 
viaited.  1  have  gone  tiiroi^  the  Bormdo  paea  into  the  Bnqia  nUey  and 
IJie  lower  Knnawur,  and  have  returned  bj  the  lofty  pass  of  Rupin  in  the 
moDntains  of  Gurwal.  I  viuted  the  aonrces  of  the  Jiunna  at  Jumaotri,  aud 
trom  theoce  the  tributaries  of  tlie  Ganges,  from  Hundalmi  and  Vischnn. 
Aluknnnda  to  Kadamath  and  the  celebrated  anowy  peali  of  Nundidevi.  I  hava 
repeatedly  crossed  the  Niti  pass  tothehi^iIandeafThibet^  and  the  aettlemsnt 
of  Bhote-Mehals  was  established  by  me.  Hy  reaidence  in  the  very  midst  of 
the  monntaias  has  for  the  last  aii  years  brought  me  constantlj  into  interconrac 
with  travellers,  both  European  and  native,  wbo  1  c&refullj  iut^TOgated,  and 
ftom  whom  1  was  able  to  derive  the  best  information  reepectiiig  the  aspect  of 
the  country.  All  the  knonled){e  gained  in  these  difenct  ways,  "by  persoual 
obsenatioB,  and  bj  Qte  relationa  of  others,  has  Ud  me  to  a  ctmvictiaB  whidi 
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I  &el  pr^and  to  nipport  on  alt  ocatmta — Out,  in  thu  Waviaja,  Ae  GhA 
of  peipetiul  Hioir  ia  higher  on  the  northem  dedivit;  towards  Thibet  tim 
an  tin  sonUieni  dedivitj  towuds  India,     iii.  Hnttoo  chsngea  tlie  queslica 

<l  iwae;  tar  whiU  he  thinks  he  ii  atti«kiiig  M.  de  EamboMt'i  view  of  the 
phnnomeaoD  takrai  in  Hs  genonlity,  bs  ii  raUy  only  combing  an  inuginilT 
point  of  diffbreoce.  He  tries  to  prora  what  we  nre  quite  niUii^  to  admit; 
namely,  that,  on  partjecilar  momilaiiii  belonging  to  the  Hinul^a  rai^e,  tbe 
ounr  lies  longer  on  the  norQiem  than  on  the  sODthern  declivity:"  (oompaie 
ilto  Note  S).  If  tlie  mean  of  the  jdatean  of  Thibet  be  1800  ttnaa 
(IIGIO  English  feet),  it  may  be  jnitly  eompsred  with  the  lovely  and  fertilB 
Penviaa  pktcsn  of  Gaumarea ;  but  it  wonld  still  be  1200  Frencli,  or  iboot 
ISOO  Ei^Iish,  feet  lower  ftan  the  platean  of  Bolivia  roond  the  lake  of  Titiaca, 
and  than  the  pavement  of  tbs  etrw^  of  Fotoai.  Iddiik,  aecording  to  Tigne'i 
determinstioa  by  means  of  the  boihiig  point  cS  water,  is  aituated  at  an 
allitnde  of  1563  toisea  (S9M  Si«liah  tett).  Trobably  tbie  is  also  abont  the 
altitnde  irf  H'Lessa  (Yol'Sni^),  a  monasUo  ei^,  inrroanded  by  vinejards,  and 
called  by  Chinese  wiitma  "  the  Idngdcan  of  jcf."  The  Tioeyarde  m^ 
poesibly  be  sitaal«d  in  deep-elefl  valleyg. 

(*")  p.  331. — Compare  Bore,  MeteomlogischB  Vergtrachnng  von  N(»d>- 
merika  mid  Europa,  in  SchoTaacher's  Jahrbueh  fiiT  1S41,  S.  311,  sad  his 
Meleorologische  Uuteisachi^geii,  S.  140. 

(•»)  p,  331.— The  mean  annuBlqimntity  of  rain  in  Paris,  from  leOS  to  188B, 
ma,  accn^ng  to  Aiago,  IS  inchea  B  lines;  in  London  (from  1812  to  1827], 
accordii^  to  Haward,  23  inches  4  lines ;  and  in  Geneva,  by  a  mean  ef 
82  years,  28  inehea  and  8  lines.  On  the  eoast  of  Hindastas,  tlie  quantity  of 
rain  is  from  108  to  120  inches ;  and  in  the  island  of  Coba,  there  fell,  in  1821, 
fblty  183  indies.  fThe  above  quantities  are  in  Fl'enchmeasarc,  corresponding 
in  Ei^lislkinebes  to  20  inches  at  Paris;  Sl'-Q  in  London ;  305  stGencn, 
about  116  to  123  in  Hindoetau ;  and  111-?  in  Cuba).  On  the  distrilinliou 
of  the  aauoal  fall  of  nuu  into  the  different  seaeoDB  of  the  year  in  middle 
Enrope,  eee  the  excellent  obaervationB  of  Gasparin,  Schonw.  and  Biotsjs,  in 
the  Bibliolhiqne  Univeraelle,  T.  xnviii.  p.  64  and  264 ;  Tableau  du  Climat  de 
lllalie,  p.  7S ;  uid  the  Notea  with  which  Martins  baa  enriched  tus  Tranii 
tnnalalion  of  Omti's  Vorlesungen  ober  Meteorologie  (Lcfona  de  Metenrn. 
I<«ie>,  p.  142. 

(*"}  p.  331. — According  to  BonasiDganlt  (Economic  rurale,  T,  ii.  p.  6SS], 
00  inches  Ad  2  lines  of  rain  fell,  on  the  mean  of  the  years  1S33  uid  1834, 
at  Marmato,  in  Ut.  5°  2?',  at  m  altitude  of  731  toiaes  (4674  £.  feet),  and 
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witli  a  meui  tempenCnn  of  2lf*  C.  (68°-?  Vtb.) ;  whilst  at  Bogotii,  in  lat 
4''-36',  &t  sn  dETOtian  of  13BS  toises  (8684  E.  feet),  and  niUi  ■  mem  tern- 
peratnre  of  14°-5  C.  (68°  Fah.),  the  annual  tiU  of  nin  is  only  S7  inchea  and 
].  line,  [la  English  meaanre  the  above  qnautitica  are — at  Mannato,  fl4'1 
inches,  uid  at  Bogoti,  SO*!  inchea  of  ran.] 

(^  p.  SSS.— For  the  detwl*  of  this  obaerrition,  aee  m;  Aaie  centrale, 
T.  iiL  p.  S6 — 89  aod  G6T ;  and  on  tiie  hygrometric  state  of  the  atmosphere 
over  the  lovlanda  of  tjopieal  Sonth  Amerits,  lee  my  delation  hist.  T.  L 
p.  242—248,  and  T.  ii.  p.  45—164. 

(*»)  p.  332.— Kamti,  VcBlfsuiigHn  iiber  Meteorol<^e,  S.  117 
(**)  p.  333. — On  eleetridty  from  evaporation  at  a  high  temperature,  see 
Foltier,  in  tlie  Annalcs  de  Chimie,  T.  lur.  p.  S30. 

O  p.  838.— Pomllet,  in  the  Annales  de  CMraie,  T.  hit.  p.  405. 
(^  p.  S8S.— De  kBn^  in  his  admirabk  Eseai  historiqne  am-  IflcctTi- 
cite,  p.  140. 

{*")  p.  383, — PeMer,  in  the  Complea  rendra  de  I' Acad,  des  Sciences, 
T.  xiL  p;  307 ;  Becqnetel,  Traits  de  I'ElectTicdl^  et  dn  Magne'tisme,  T.  it, 
p.  107. 

('")  p.  334.— Du[m«,  but  5'Eledrieiti  de  Via  (Bruiellea,  1844),  p. 
S6— 61. 

("*)  p.  834.— Homboldt,  Belation  hiatorique,  T.  iii.  p.  318.  I  would 
refer,  howerer,  eiclnaTely  to  those  erperimenta  wliieh  were  mado  with 
SaiiBBiiT^s  eleetrometer,  with  a  metallic  ccodDcti^r  or  a  metre  in  length,  uid 
in  which  the  electrometer  wa>  Pot  moved  dther  upnards  r?  downwards,  nor 
the  condnctOT  anned,  according  to  Volta'g  proposal,  with  a  spoi^  dipped  in 
buming  alcohol.  Those  of  my  readers  who  are  aEqnaiDted  with  the  poiats  at 
present  in  ^scossian  with  reference  to  the  subject  of  atmospheric  electricity, 
will  anderstand  the  reason  of  this  limititian.  On  the  formation  of  Umndei- 
Bt<iniiB  in  the  tropics,  see  my  Ret.  hist.  T.  ii.  p.  45,  and  20S— 209 

f")  pp-  884. — Gay-Lossae,  Annales  de  Chimie  et  da  Physique,  T.  viii. 
p.  167.  The  discordant  views  of  lam^  Becqnerd,  and  Peltier,  render  it 
dilliciilt  to  arrire  at  present  at  any  concln^n  respecting  (he  canse  of  the 
apemfic  distribntiim  of  electricity  in  clouds,  some  of  which  haTe  a  positive,  nod 
othas  8  negative  ttnsion.  The  negatiyB  electricity,  wMch,  near  lofly  cascades, 
is  developed  in  the  mr  by  the  Snely-diilded  parlictea  of  nalcr,  is  a  very 
atrikii^  phienomenan :  it  was  first  observed  fay  Tralles,  and  dnce  then  by 
mysdfin  many  latitudes.  'With  ■  sensitive  electrometer  the  effect  can  be 
distinctly  rseognind  at  a  diatsDce  of  three  or  four  hundred  feet. 
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I*")  p.  HSi.'—Anga,  in  the  Aimiuira  dn  Biinm  iat  Lmgitiidn  fm 
1838.  p.  246. 

{"^  p.  335, — Ango,  p.  S4S — 260  ti  ttie  aboTB-nuiwd  ToloMie.  Cseifat 
,p,  268—279. 

{*^)f.  336.— Ango,  p.  388— SaioftluMmaTolimie.  Ton  Bas,  vko  ka 
lendered  sncb  great  lecvicei  to  the  mettanHngj  ^  Qie  Dnth  of  Aral,  hu  not 
discnned  tlie  rwe  oecBrrmce  of  tjuudentiumi  in  lodaod  ind  GreenUnd ;  la 
bu  only  noticed  that  tbuodsr  has  •ometima  been  hetii  in  Noiii  ZEinUa  ml 
Spitib^tn.    (BnHetin  de  I'Aoul.  da  St.-PA«nbDiHK,  18SS,  Mai). 

(^  p.  eS7.— Kirati,  io  Sdmmaeber'i  Jwhbueh  fur  1888,  S.  28S.  Oa 
tbe  oompariran  of  the  hnre  of  the  dUtnbntion  of  heut  to  tbe  East  and  to  the 
West,  in  £urope  and  Noith  America,  tee  Dove's  Kepertoiiom  der  Ph7Hl[, 
Bd.  ki.  S.  S92— 39S. 

(<*0  p.  839.— The  "  natural  Matoiy  of  plants"  wbidi  ha*  been  aU;  and 
briell;  iketclied  b;  Euillicha  and  Unger  (Gmndiiige  Botanilc,  der  1S13, 
S.  113 — 168),  waa  distinguished  b;  mfwJffrom  the  "  geograph;  ot  [danti'' 
more  than  half  a  oeutnr;  afpt,  in  a  paaaage  of  the  aphorisms  appended  to 
m;  Subterranean  lloia :  —  "  Geognoiia  natunm  aflimantem  et  iniiniTnani 
vel,  ut  vocabulo  minni  ^to,  ei  antiquilatc  italUm  hand  p^ito,  otar,  cor- 
pora oiguiics  ftqoe  ac  inorganica  eonaident.  Sunt  enim  tria  qniboi  ihaiJ- 
¥itut  capita:  Geognpiua  oiydolDgica  qaam  aimpUciter  Geognoaiam  nl 
Geologiam  dicnnt,  viiqne  aculiasimus  Wernerus  egiegie  digessit ;  Geogi^ihia 
toologica,  cujns  doctrinie  (imdamenta  Zimmemiannna  et  l^tvinnns  jeeemd; 
ft  Geographia  planlaium  qnam  leqaales  neetri  din  inlactam  Iriiqoenmt, 
Gcographia  plantarum  viucula  et  cognationem  tndit,  qnibua  omnia  Tigetatalii 
inter  se  conneia  eint,  teica  tractos  quoi  tenant,  in  Krem  atiiiaa{dBeiinua 
qun  ait  eonuo  vis  oslendil^  eaia  atque  nipet  qnibna  potiiumnm  alganm  p^ 
moidiis  radicibnsqae  deatruaoHir  doc^  et  quo  pacta  in  telluiii  auperfide 
bomuB  nascatur,  commemorat.  Est  itaqne  qnod  diSaral  inter  G«ogn«ism  rt 
Fhyeiographiani,  hjaturia  nuturaliB  perpenun  nuncnpalani,  qtmm  Zor^Bosii^ 
Fhytognosia  et  Orj^oguosia,  qnie  quidem  onmes  in  natune  inveatigation 
verSBotur,  non  niai  aingulorum  aoimahum,  plantvmn,  remin  metallicaruBi 
vel  ivenis  sit  Verba)  {bssilinni  funnaa,  ooatomen,  vires  tcratantur.  Hittoni 
Telluris,  Geoguoeis  magis  qnam  FhjsiognphiiE  afflsis,  nemini  adhuc  tentati, 
plantarum  animaliDniqiie  genera  orbem  inhahitantia  primlevum,  migialioiia 
eomm  compluriuuiqae  inlcritum,  ortum  qoem  montes,  nUea,  saxonon  iDila 
e(  vente  metalliferie  ducunt,  eerrai,  Bintatis'  temporum  vidbna,  modo  pnru^ 
modo  vitiatam,  teim  Buper£cieni  humo  planUaqHe  paolatim  obteotam,  Bmoi- 


Igitnr  Hittoii  UMikgica,  Hiatoiii  plinlarniii  et  Hu- 
bris MTcttriogiea,  ijaB  Bon  nil!  priatJOBm  oMm  tcnn  itatiuii  indlcuit,  ' 
6«ognoBi  probe  diitiiigiuad*." — (Homboldt,  Hon  lUbcrgenais  anbtnnaek 
■«ii  •coednnt  ^^h«iBni  «i  Fbfliologi*  themica  plutuniD,  1798  p.  ii. —  - 
XLeapecting  Uie  "  ipontugani  motion"  whidi  is  tfokta  of  Gvtbei  on  in  tbe 
text,  (M  On  ramuksUe  pnvge  in  Ariatotlc  it  Oxk^  iL  2,  p.  !M,  Bekka, 
'■rliere  tbe  dtitinctxni  betweoi  minute  uid  inminiito  bodieg  ia  b*wd  on  nhethn 
tbtar  iDDvnnents  m  detotniBod  torn  inOtn  oc  ftntn  vrithont.  The  Stogirite 
sayB,  "Ha  life  of  legetoblea  jffodneet  no  movemeot,  becBDW  it  u  planged  in 
^  profonnd  dHmbo'  from  whkli  nothing  woiun  it"  (Aristot.  de  geaent. 
asimd.  T.  L  p.  TTS,  BeUer) ;  and  '  pltnti  hiTB  no  duin*  wUdi  hidte  them 
to  (poBtiDHiiiB  matian"  (Arittot.  de  lomno  rt  vigiL  cap.  i.  p.  465,  Bckko). 

(*>')  p.  S4S.~-Ebmiberg'a  memoir,  ober  daa  Idtinate  Leben  im  Oceu. 
nad  to  the  Atademj  of  Seianea  at  Boiin,  Ma^  ^>  ^^**-   ' 

O   F-  848.— Humboldt,   Anaichtai  dcr  Nator   (£'  Anaeeb^   ISSS), 

sd.  a  s.  SI. 

(*■*)  p.  S4S.— Ob  BinttiiAicatioD  b;  apontsaeoua  ditiiion  and  intwealation 
«f  nev  Eubataiiee,  ace  Ehrenbei^,  von  den  jetit  lebcoden  lliienTteB  der 
Kreidebildung,  in  den  AUiandl.  dcr  Beriinei  Akal  dei  Wiaa.  1SS9,  3.  94. 
The  moat  powerht  prodnctire  facnl^  in  natim  ia  that  of  the  TnticellB. 
EstimBtiona  of  the  poaatbta  inenaae  of  ntaasea  compoaed  of  flieae  aniniala,  an 
piTcn  in  Ehmihei^B  gi««t  irort  Die  InAiaioBBtMerchai  ala  ToUummine  Or- 
Rsaiamen,  18SS,  S.  liii.  lii.  and  244.  "Tha  milk;  tra;  of  these  o^in- 
iama  ia  fanned  of  the  geuen  Monaa.  Vibrio.  Bacteriom,  and  Bodo."  life  ii 
diitiibiiled  in  natora  b  such  profii^im,  (bat  bbi^  infoaoria  live  panuiticaJlf 
Ml  brger,  and  an  theniaelTea  inhabited  bf  mailer  (S.  194,  211,  and  612). 

(™J  p.  S44.— Ariatot.  HiaL  Animal.  V.  ID,  p.  662,  Bekker. 

(0>)  p.  346.— Ehrmb«g,  S.  xir.  122  and  463  of  the  woit  laat  qnotel 
The  nptd  nmlttplicatiou  of  microaoofne  animalciile  ia  in  tome  apeciea  accom- 
panied by  BB  aaUmiahiog  tenacity  of  life;  for  eiample,  in  'Wbeat-eels,  Whed- 
wiimaleaJee,  and  Witar-besis  oi  Ucdigiade  aninulcnla.  Tbej  have  been  aeen 
to  come  to  life  from  a  alate  of  ^iparent  dealh  after  being  dried  during  28daya 
in  a  Tacnom  with  eUorids  of  lime  and  nilphnric  acid,  and  eipoeed  to  a  heat 
(^  120°  Cent.  (21tl°  Fab.)  See  M.  Ttojim't  eiperimenta,  in  hii  M^moire 
■nr  Ice  Tacdi^^  et  but  lenr  propricte  de  revcnii  k  la  Tie,  1842,  pp.  119, 
129, 181,  and  133.  On  the  reiiial  of  infnBoriB  which  had  been  for  jeara  ll 
a  ilate  of  deaiccatian,  eomjiaie  generaO;  Ebreuherg,  p.  492 — 40fl. 


(^  p.  us.— On  Qia  rapposed  "  primitive  traufiffuiation"  of  oi^sniKi 
t  DDOTguiiud  m^tar  into  pluta  and  Boiuuls,  mmpire  Ehrenber^  fai  Pi^ 
gandorff's  Annalen  der  Phf sik,  Bd.  niv.  S.  1—48,  and  tlw  same  aathw't 
Infanomtbieroheii,  S.  131  and  52S,  wiLh  Job.  Miiller,  FlijBii:d<^ie  des  !M<b- 
Khen,  (4t«  Aiifl.)  Bd.  i.  S.  8 — 17.  It  Kerns  to  me  poiticaUiIy  deaaring  d 
sotice,  that  St.  Ai^ostine,  in  tte&Cii^  the  qoestJan,  "  hoir  islands  msf  hm* 
been  provided  with  new  ^ants  and  animala  after  the  Deloge,"  ahews  hiraaeKin 
■0  respect  disint^ned  to  the  hj^theaia  of  what  has  been  called  "  spcoituieona 
generatiou"  (generalio  Eequivoca,  epoQlanea  mt  primatis).  He  tap,  "K 
animals  have  not  been  convefed  to  the  remoter  isUoda  b;  angela,  or  possQ^ 
by  inhabitants  of  eon^nenU  addicted  to  the  chase,  they  muet  have  qamg 
ditecti;  fram  the  earth;  though  in  (hie  case  the  qgEStion  ailse^  why  lA 
Unds  of  animala  should  have  been  asaembled  in  tiie  Ark."  "  Si  •  tsn 
cooctn  sunt  (beatiffi)  lecandiua  originem  prJnuni.  quando  dixit  Deni :  -groia- 
cat  tern  «"!■"""  vivam  I  mnlto  elarins  spparet,  noD  tam  lepwrandrama 
■nimaHom  canst,  qnam  figtmndarnm  vanarain  gentinm  ^  propter  eccMn 
■acramentam  in  Aica  Mase  omnia  genera,  si  in  insnlis,  qno  tcsnaiie  non  pa*- 
lent,  mnlta  animalia  terra  produiit." — Augnstiana  de  Civitate  Dei,  lib.  rn, 
cap.  7  (Opera,  ed,  Monach.  Ordinis  S,  Benedice,  T.  vH.  Venet.  1732,  p.  432). 
Two  centmies  prior  to  the  Bishop  of  Hippo,  we  find  b;  eitriLcta  &om  Trogna 
PoDipdoB  that  he  had  eetabliehed  a  aimJlRr  Goanection  between  the  "  geaenlia 
{irimaris,"  the  drying  of  the  anuent  world,  and  the  high  table-Und  of  Asii^ 
» i>  finmd  in  the  hypotheua  of  the  great  Linntens,  between  the  terraces  of 
Paladise  and  the  reveries  of  the  eighteenth  centmy  respecting  the  fabled 
Atlan^.  "  Qnod  ^  omnes  qaondafn  term  Hubmerara  pro&mdo  foernat,  pii>- 
t^cto  editiseimam  quamqne  partem  decnrrentibus  aquis  primnm  detectsm ; 
a  solo  eandem  aqOBm  dintiaainiB  inunoratam  et  qainto  prim 


qusque  pars  terramm  aieeata  sit,  tanto  prins  MilmiJia  genenre  ccqiisse.  Sian 
Scjthiam  adco  editiorem  omnibus  terris  esse  nt  enncta  flumina  iM  nlta  ii 
Mieotinm,  turn  deinde  in  Fonticum  et  .£gyptiam  maie  decamint." — Jnatiium 
lib.  ii.  cap.  1.  The  erroneous  sappoaiUon  of  Si^thia  being  an  dented  taUa- 
land  is  so  ancient,  that  we  find  it  very  distinctly  expressed  in  Hippocnla  (Da 
Aere  et  Aquis,  cap,  n.  t  96,  Coray) :  he  st^,  "  Scythia  consista  of  devild 
barren  ptaioa,  which,  without  being  crowned  with  monntains,  rise  higher  md 
higher  towards  the  north." 

(*")  p.  345. — Hnmboldt,  Aphorismi  ei  Fhysidogia  chemica  ^antin^ 
k  the  Fkiis  Fribergensis  subUrranea,  1793,  p.  17&     ' 
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C^  p.  316. — Vcbct  die  PbyiiogsDcnik  der  OewBchw,  in  Hmnbatdl^ 
Atmirhten  der  Nstur,  Bd.  ii.  S.  1— 12S. 

O  p.  S46.— £tui  Dialogiu.  Opusculi,  Basil,  IBBe,  p.  53— M.  A. 
fine);  eiecated  geogi^li^  of  the  plonU  of  Etoa  ho*  been  rteentlf  publudied 
bj  I^ilippi.     (See  linnKa.  1832,  p.  733), 

<™)  p.  348. — EhreobM}!,  to  the  AnnsJea  dei  Scimeej  naturellei,  T.  ni. 
p.  387— 412;  Hiunkoiat,ABiecentrsle,T.i.p.33S— 342;  T.  iiLp,9G— 101. 
C")  p.  34B. — ScUddm,  uber  die  EnlwicUangiweiM  der  Pflanzenzellei^ 
tn  MoUec's  ArcbiT  fiir  Anitomie  nod  Phjaiolagic,  183S,  S.  137— 17B  ;  also 
ki«  6niadiage  der  wueeiucluftliehen  Sotuik,  Th.  i.  S.  IBl,  Th.  ii.  S.  11, 
SdLwvm.  Mikroslcopiaelie  UaUnnchangea  iiber  die  UebcMinatinunaiig  in  der 
StruktuT  und  dem  Wachsthiun  dei  Tbien  and  F&aaea,  1833,  S.  46  mid 
220.  On  bcRditBij  form,  ace  Job.  Mim«,  Fli;uol<)giB  dei  MeoKibeD,  1S40. 
T1>.  ii.  S.  614 

O  P-  349.— Sehkoden,  Onmdziigt  der  wigBBUHhaltlidiBQ  BoUnik,  1843, 
Hl  i.  3.  193— 1S7. 

(*")  p.  851.~Tadtiii,  in  his  ipeoiilitkini  on  the  popnUtion  of  Britain, 
(Agricola,  cap.  ii.)  diitingniahes  ttnelf  batween  tbat  which  ig  dne  to  the  infln- 
euee  of  clim&te,  and  that  wliicli  in  the  immignUng  tribas  is  heredilsr;  is 
nc^  and  not  aaaceptible  of  change.  "  ftitonninm  qui  mottalH  initio  colue- 
mnt,  indigenn  an  ^dvecti,  at  int^  barbaroH,  pafum  compertnm.  Habitua 
oorporis  varii,  alqae  el  go  orgumenU ;  namque  nitilff  Caledoniam  habitoiitjnln 
emnte,  magni  ortiu  Qenuininui  otiginran  •deeiersnt.  Silanun  oolorali 
TDttm  et  torti  plennnqne  crinN,  et  pimta  contn  Hiipania,  Iberos  Teteni 
tr^ecisie,  easqne  aedes  ooonpaase  fidem  fociunt :  pniiiini  Gallii,  el  giniilei 
aunt  1  lea  durante  originia  vi ;  aen,  proeoirentibtu  in  diTcrsa  term,  posilio  cffili 
eorporibna  habitiun  dedit."  lUapecting  the  peniatencj  of  typea  and  configD- 
rotion  in  the  warm  and  oold  Tegions  of  the  earth,  and  in  the  moontaJnoaa 
diatricts  of  the  New  Contineat,  fee  my  ScQation  hiiloriqne,  T.  L  p.  498— 
503  ;  T.  ii.  p.  B73— 574. 

(*"}  p.  SEII.^Od  the  American  rare  generally,  aee  tiie  magnifieent  woA 
of  Sainne!  Geoi^  Morton,  entitled  Crania  Americana,  18SS,  p.  flS — 86 
on  Ha  aknlla  bronght  by  Fentlsnd  from  the  highland  of  Titiaca,  aee  the 
Dnblin  Jonmel  of  Medical  and  Chanical  Science,  toI.  t.  1834,  p.  47S ;  And 
Aleide  d'Orbigny,  I'llomme  sm^cain  eonsidecj  aoui  aea  rapporU  physiolo- 
gtqnea  et  moram,  1839,  p.  331.  See  alao  Prince  Maximilian  of  Wied'a 
Bejte  in  daa  Innerc  fon  Nordamerik^  18S9,  vhich  is  rich  in  refined  etJuto- 
grapbieal  remariu. 


(")  p.  S61. — Bndulpli  WigDGT,  &bei  Blmdlinge  Dibd  ButordnzeagnB^  ii 
Li>  Dotee  la  Natnigesdi.  do  MgDubeDgadilAot^  Hi.  i.  S.  174—188,  tna*- 
lited  trnm  Priclunl'*  Notutil  Hubnj  of  Mu. 

(^  p.  SS2.— Pridurd  (m  Wign^a  Oenrun  tnnatalion),  H.  i.  S.  UL 
T.  ii  S.  383—8(19. 

(^)  p.  352. — Oncaicribu,  in  Strebo,  it.  p.  0SO  and  89S,  Cangab.  Wdcfar 
.(Gricchischc  Tragodien,  Abth.  iii.  S.  lOTS)  snppoees  that  the  vena  of  l^eo- 
d«c(GS,  which  Straba  W  quoted,  me  taken  tram  a  ket  bmedj,  wkidi, 
perbapt,  bore  tlie  title  of  "  Meimioa." 

(*»)  p.  853.— J.  Mimer,  PbjBiol.  de>  MeMchen,  Bi  ii.  S.  768, 772— ?». 

n  p.  363.— Prichaid  (in  the  Gemau  tranalation),  Th-i' 8.295;  T.  iii. 
JS.11. 

O  p.  858.- The  late  airival  of  the  Tuldsh  and  Mongoliaii  tribea,  botk 
OQ  the  Onu  and  on  the  Eirgbia  steppes,  is  opposed  to  the  hypotheaie  of 
Nidtnhj,  which  makes  On  Scfthiana  of  Berodotos  and  Hippoerales  Mmife- 
Ham.  It  leenu  t«  me  bi  mere  probable  that  the  Scjthiani,  Scokti,  ahodd 
be  referred  to  the  ludo-gernuuie  Maisagets  (the  AlanL)  The  MoagoliaiM, 
tros  Titan  (a  name  long  ofterwsids  improper!}'  giren  to  purelj  XinUah 
tribea  in  Russia  and  Siberia,)  then  dwelt  far  in  the  eastern  part  of  An. 
Compare  m;  Asie  cCDtr.  T.  i.  p.  239  and  400 ;  Siamen  critique  da  I'tiiat.  da 
la  Geog.  T.  ii.  p.  320.  A  distingniahed  lingoiat,  Profeasor  Bnachmanii,  re- 
marks that  Firduai,  in  a  half  mjMc  Ualot]'  with  wbidi  Ik  begins  the  Sbal^ 
DBmeh,  mentions  a  "  (oltress  of  tlie  Alani,"  on  tlie  sea  abore,  in  whidi  Saim 
the  eldest  son  of  king  Feridnn,  who  certainlj  lived  two  eentariei  bettne 
CjTUi,  sought  aheller.  The  Ki^ia  of  the  atqipe.  called  Scythian,  are 
originall;  a  Finnish  race :  their  tluee  btndca  probaUy  oomtitate  the  mnt 
nnmerons  nomade  natioa  of  the  prcMOit  time,  and  in  tlie  niUi  ccntuij  they 
lived  an  the  eame  ateppe  where  X  have  myself  aecn  them.  Hie  Byxandne 
Menander  (p.  380— S82,  ed.  Nld>.)  relstea  eipreealy  that  the  Cbakan  of  the 
Tuika  (Tha-khin,)  in  569,  made  ZenuRhna,  the  ambaaBsdor  of  the  emperor 
Jnatinua  II.,  a  present  of  a  Kii^bis  female  slave ;  be  eaUa  her  x'fX^^i  '"^ 
also  in  Abulgaai  (Historia  Hoi^okirmn  et  Tataiornm),  the  Kir^iis  are 
called  Xiriu.  Similarity  of  manncra  and  cnatoma.  where  &x.  notare  td  tke 
coontiy  determines  tiieii  principal  charaeten,  it  a  veiy  nncertain  evidenea  of 
identity  of  lace.  Tbe  life  of  the  ateppea  prodacea  among  the  Turks  (S\  Tnkiu,) 
the  Baschkira  (Fins,)  the  Eiishis,  the  Toigodi,  and  the  Daongari  (Hongoliau,} 
the  customs  common  to  a  monade  life,  and  the  same  oae  of  felt  toit^  cuned 
on  waggoni,  and  ^tched  among  the  herds  of  cattle. 


NOTES.  CIT 

(«■)  f.  SB4. — mDidm  tod  Hnmbuldt,  Sbtr  die  Tcnchiedciihcit  it* 
memchticheD  Spnchbiaea,  in  Ua  gnat  work,  Udiet  die  Kswi-Sptacbe  mf 
der  Insel  Jivs,  Sd,  i.  S.  xiL  ilviii.  uid  seiir. 

(^  p.  855. — ThaehudevBuddiueotUiii^Mateddoctiiiicofincqiulitfiti 
men's  right  to  freedom,  uidof  bIitoj  u  on  uwtitntioii  in  conformitj  with  natiui^ 
u  found,  alHl  Tcrf  sjidenuiticaU;  derekiped  in  Ariitotle'i  Politio,  L  3,  6,  0. 

(^  p.  S67-— ^Tilhefan  t<hi  Uiunbcddt,  Sber  die  Ktnri-Sprache,  Bd.  iiL 
8.426.  I3k»esnl:iiaiuMioUier(atnetfromtheniiieiroA,S.437^— "ThEim- 
petoona  oDDqnots  of  Aleiander,  the  mora  pob^  ud  deliberate  eitension  of 
the  BoDum  dominion,  the  aangel;  eroel  win  of  the  MejicanB,  Rod  the 
deepotjc  territorial  icqniaitioiie  of  the  Ineu  of  Pem,  have  contributed  in  both 
hemi^heiee  to  tenniiute  the  e^jegition  of  n^oni,  and  to  Coaa  more  exten- 
sive lodeties.  Men  of  great  end  powerfol  minds,  aa  well  u  wlioie  netioni, 
acted  under  the  dominion  of  lu  idea,towbidi  nererthelese,  initamon]  purity, 
the;  were  entire  atrangera.  Chriatianitf  first  made  known  its  tme  ogniS- 
eancy  and  profound  cluuit;  i  and  eren  from  her  mice  it  baa  obtuned  but  a  tlov 
and  gradoBl  recaption.  DnUl  that  voice  had  apolcen,  a  few  aolitary  accenta 
alone  fbimludowcd  this  great  troth.  In  modem  times  an  increased  impolsa 
.  has  becBi  given  to  the  idea  of  eiviliialion ;  and  the  deaiTe  of  extending  mora 
widely  friendly  letations  between  nationa,  as  weU  ai  the  benefits  of  intellectuil 
and  moral  coltnra,  is  increasingl;  felt.  Even  selfialmeas  begins  to  perceive 
that  its  intereata  are  thus  better  aerred.  than  by  fbrciblj  maintaining  a  con- 
strained  and  bostile  isolation.  Dagaage,  more  than  an;  olhci  faculty,  binda 
mankind  together.  Diversitiea  of  idiom  piodnce,  indeed,  to  a  certain  extend 
separation  between  nslioos ;  but  the  necessitr  of  mntnal  nndeMnnding 
occainiHis  the  acquirement  of  foreign  langueges,  and  reunites  men  nitbMt 
deelxo/iug  nitiomd  {ecuUaritf ." 
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AcoRA(Jo«pIid>),'Hlttoi1iiiatiinliliIulndUi,  NotHU,  lOBi 
a™  Fotomoi,  meteoric  •tone  of,  p.  JOB,  mj  Nolei  6J, «,  87. 
Aerolite.^  (WUni  .U«,  meteo™,  m«l«OTie  stone.,)  p.  10B^1«1  NolM  W,  i7. 
Their  coMiiical  lad  plinetary  charicter,  p.  Ill,  US.  118,  HT )  Note*  Ta,  76. 
November  itretun  of,  p.  Ill,  114-118,  Notei  M,  70.  7a,  TS.  78.  Angiiil 
itre«niof,  p.  Ill,  IH,  116,  IIB;  Bote  71.  Other  mnOBl  epoehm  dcMrvinj 
ttlenWoo,  p.  lis  i  Note  74.  Cbineie  ucODDti  of  eerolitei,  p.  118i  Note  77. 
Tbeir  planelirT  velocity,  p.  »1, 109,  111 ;  Note  69.  Proceed  ffom  ■  comrnon 
point  in  tbe  beaveiu,  p.  ill,  113.  Their  compoiltion  limiUr  to  tb(t  of  tcr- 
mtrtel  ininerali,  p.  Bl,  lao,  ill.    Fecnlikritiea,  p.  II9,  IV),  111. 

ligtulL,  (Ouil  Sihei,  p.  %4 ;  Notes  14,  SOD,  907.     QUcien,  p.  US. 

Amber,  vegetible  origin  of,  p.  S7S. 

Ambei-trte  of  the  incieoi  wortd  (Finite  inccinlfcr),  p.  ITS. 

Anip4re,onelMtro-ilifn«nie  torces,p.  179;  Note  187. 

AnuiBgo"''  on  urolitei  ud  tbe  origin  of  heaienlf  bodiei,  p.  IM )  Tfotet  89,  M 

AcEb'"'*  ("'°  friend  of  Coltunbni),  m  tbe  dlKortry  of  pilma  ind  pinei  grovinf 
together,  p.  371.  On  tbe  gnlf  Mream,  p.  SOO.  On  the  mow  line  under  tba 
tropica,  p.  317 )  Note  100. 

AnnJng  (Mia  Hary),  ber  dlfcoveiT  "^  ■»  inoimt  Hpi>  U  LymcKegia  vid  of 
coprolKea,  p.  360;  NotoMT. 

Apiui  (Peter),  direction  of  tails  of  comets,  p.  M. 

ApoUonios  Hyndins,  on  comets.  Note  48. 

Ango,  on  ctiromotlc  poltrlaatlon,  p.  37,  ST  i  Notea  18, 81.  On  comets,  p.  »,  BT  t 
Notes  43,  M,  SI.  OHt!ieligbtoIstatsiiidnefanliE,p.  143;  Notes  31, 119, 119. 
On  magoetiam  of  rotation,  p.  169  i  Note  147.  On  magnetic  ttorms,  p.  IW. 
On  the  taint  light  of  denaely  clouded  nights  and  of  certain  foga,p,  18d;  Notei 
S8,  IT9.  On  Artesian  wella,  p.  Ill ;  Note  109.  On  tbe  temperature  of  tbe 
HedilerraneaD,  p.  196.  On  lightning,  p.  336 ;  Notes  416,  417.  Onmeteoilc 
dust,  Noteei.  On  aperiodical  fall  ofaerolites  inApril,  Note  74.  On  the 
Increase  of  temperature  at  Increaalng'  depths.  Note  138.  On  the  anppossd 
fiiatence  of  a  lln<  of  BO  borary  variation  of  the  declination,  p.  173;  Note  153.' 
Hourly  observatioiis  i^  declinition  st  Paris,  snd  simnltBDeons  diaCnrliance  at 
niis  and  Kasan,  Nola  188      Ob  "  polar  bands"  of  dnnm  doudi,  Note  IT*. 


cil  oc«n  Ifmpnatarea,  p.KM;  Note36i.     On  the  mean  inoiul  qiuntity  a( 

nininPuli,  Note  409. 
Ari^''D*l"'t  0°  cometi,  p.  IM.    On  tbe  proper  malioa  oT  tbe  tOlar  lystem,  p.  isi. 

IM ;  Note  IM.  On  tbe  luron,  p.  181  i  Nile  171. 
'  Ariitarchu)  0(  Samoa,  hiijutt  cosmtcal  Tieni,  p.  iS. 
Arutolle,  Phyiira,  p.  «;  Noteai.     On  cometi,  p.  98i  Note4g.     On  the  den- 

tiOD  of  in  iilind  of  erDption,  Note  UO.    On  tbe  red  colour  of  loiiE-&llen  iddk, 

ArtoiuiweLli,  p.  lSa,H1;  NotetlM,  in.    3e«  Bpringa. 

Almoipben,  Kenenl  ucounl  of,  p.  KH-BIS;  Notei  3T9— 3Sg.  Ill  componlto* 
■ad  idveotitloiis  edmiitona,  p.  IDS — S07;  Notes  379— 380.  Homiditrorili^ 
p.  MM,  330—333;  Notia,  4M— 408.  Electricity  of  Ibc,  306,  S33— 336i  Nota 
<0»— 4IB.    FreunreofthB,  90T.    See  ButiiD«ter 

Anron,  g^ei^  eccooot  of,  179- 19V  j  Notes  169— 170.  l>eKh[rtlon  of,  p.  18^— 
ISI.  Cuei  of  eoincidence  In  >ppe«nuice  of  ■Dronuulfkllinf  etin  or  mettan, 
p.  lit,  IIS.    Ed[lor>i  detcripUon  oTto  anron  in  Loch  Savig,  Note  ITV. 

Altec  muiiucript>iappOK<liiotU«  of  lodiicilligbl,  p.  13*  i  NoteflS. 

Bibtwge,  on  tbe  iDflaeDCO  of  tempentore  in  the  elevition  and  labaidence  ot 
■tntt.  Note  H8. 

Bacon,  on  physical  almllltndes  in  the  eonfignration  oT  the  world,  p.  3SI. 

Baer  (VoD),  on  the  meteonlo^  of  the  norttaem  regions,  Note  iiB. 

Barometer,  variation!  of  Ib^  p.  301—310 ;  Notes  3S1— 388.  Horary  varUtioni  of 
the,  p.  308,  SOD. 

Banmelric  windrose,  p.  310]  Nole3»7. 

Batten  (Hr.),  letter  on  the  limit  of  perpetnal  anow  on  the  two  decllTMea  of  lk> 
Himalaya,  Note  403. 

Besnfbrt  (Captain),  observed  cnuaalonB  of  gai  on  the  Caiamanlan  coaat,  p.  310. 

BeaDmonl  (Bliede),  on  tbe  upheaval  of  mountain  chains,  p.  14,  391,  W3;  Not* 
SIT.  On  some  of  the  geological  cansea  of  the  Inflnence  exercised  by  tbe  Alps 
on  pendulum  eiperimenta.  Note  133.  On  the  metamotphic  action  of  prlmi- 
tiie  rocka  on  secondary  strata  la  the  Tarantaiae,  p.  34S ;  Note  tjt. 

Beccaria,  on  Inmioous  clondii  p.  U8.     Oo  ligbtninB  clouds  withoni  aoliUi 

mperatat«a  and  densities.  Note  368. 
n  the  planet  Satoni  and  Ita  nearest  aatel- 
p.  89.     On  the  dimenaions  and  masa  of  the  Uoon,  Note  40.     Onths 


Bembo  (Cardinal),  oi 


Benzenberg.  on  the  vebKity  of  (he  moreinenta  of  aerolites,  p.  til.  On  the  perio- 
dic return  of  the  August  meteors  or  aerolites,  p  115. 

BecTellns,  on  tbe  cbemicil  elements  of  meteoric  masaes,  p.  \X,  111;  NoteK 
On  tbe  changes  of  lenel  of  the  Swedish  coaat.  Note  35. 

Bessel,  on  the  theory  of  the  oaclllationa  of  s  pendnlum  in  air,  p.  M;  NotelM 
(Editor).  Penduloni  eiperimeDti  with  varloiu  anbstance*,  51,  S3.  Ob  the 
panlla<oreiC;gni,  p.  7S,1«3,141|  NoleSt.    On  comets,  p.  M-DO ,  Hous 


K,  47,  ilO.     On  MTOlltei,  p.  IIT;  NMB  70.     On  (he  proper  motion  ot  th« 
nhole  ulu  lyttern,  p.  it*;  Npte  1W,     On  the  mau  of  61  Cygni,  p.  1M| 

poisfble  infloeoct  of  j(eologlc»I  chinfH  on  uniiUtion;  Note  MB. 

Biot.  on  tmliKht,  p.  110,  lUj  NoteU,  100.  Ptaduldm  eiperimeDli,  Nolei  131, 
1)3,  IH  (Kditor). 

' (Bdoou^),  on  CblneM  obaemtioni  of  comcti,  p.  M,  101.     On  CblncM 

monU  of  urolitu,  p.  1 18 1  Nolo  77. 

Biachor,  on  the  Intern^  heat  of  the  globe,  NMea  194,  IM,  3SS,  Ml,  tO. 

Bluncnbach,  ounKeaotOMD,  p.  S53. 

BnntlimU,  ani(hawerofaero1it«[n1SM.p.  IIS;  NoteM. 

B-innltniJ  ind  HnmboMt,  on  tbe  gnaX  fall  of  aerolite*  (I  Comuia,  Norember 
im,  Note  M. 

Bopp,  on  Sanscrit  rooli,  and  on  tlit  derintion  oi  the  word  Koamoi,  Note  IT. 

BuiiatiigsDiC,  on  the  depth  beloir  the  aurf 
annual  temperature  of  the  air  ia  fCmod  at 
SOS;  NotealSR.Mt.  On  the  earthqoske  in  New  Onnada,  191T,  p.  IBS.  On 
eitreme  drynea*  at  Qnito,  p.  331,  8M.  On  the  decreaie  of  temperature  with 
IncreuiDj;  altitude  in  the  chain  ofAudei,  Note  S,  On  the  temperature  of  tb* 
hot  sprlnga  of  Idi  Trincheiu.  p.  30S.  On  the  conipoallion  of  the  atmoaphere, 
p.  309 ',  Notec  379,  379-    On  the  mean  annual  quantity  of  rain  al  aome  i^scet 

DouiMrd.  diacuirion  on  the  qoettloB  of  a  lonar  atmoapheric  tide,  and  hlluie  in 

detecllDE  it  Inthe  barometric  obaerrUiana  at  Paria,  Note  381. 
Brauiiilua  y  troeoo^  loud  anbtemDean  noitei  heard  at  Onasaxoato,  p.  iMi 

Braiiuet.  ontbeielocItTof  the  motkin  of  aerolltet,  p.  111.  On  the  diameter  of 
ditto,  Notefig.  On  tbe  eleiation  of  ditto,  p.  lia;  Note  ST.  On  a  fatl  of 
ditto  in  DecembK  1T98,  Note  74. 
Bmvaia,  on  the  aoron,  p.  lU,  187.  On  the  horary  variation  of  the  barometer  in 
70- N,  latitude,  p.  SWi  NoIeMJ.  On  the  height  of  the  linea  of  the  ancient 
■e*  lerel  near  North  Cape,  p.  387;  Note  Sit.  On  the  amount  of  rain  in 
different  leaaona  in  middle  Europe,  Note  40«. 

Broiiguiert  (Adolpbe),  loiuriance  of  the  ancient  Tegelation  independently  of  latl> 
tude,  p.  900.    OnthefDHilfloraottbecoairamuClon,  p.  ITOi  Note  333. 

. (Alexandre),  on  (Oaail  geology,  p.  a6a. 

Brown  (Robert),  on  peculiar  molecnlar  moveroenta  In  vegetiblei,  and  generally 

fiuch  |l.eopold  Ton),  theory  of  (he  eletation  of  mountain  chBlna  and  contlnenta, 
p.  ar,  886;  NoteSS;.  On  cralera  of  elevation  and  the  circular  (Onn  0(  Iha 
laland  of  Palma,  p.  114 ;  Note  ail.  On  yolcnnoFa  and  lolcanin  iBlanda,  p.  238, 
330,  ISS;  Note*  »6,  JSI.  On  metamorphic  action,  p.  349,  iM,  HM;  Not:;! 
m,  383,  388.  On  the  changea  of  level  of  the  Soandinavian  coials,  p.  387, 
On  the  origin  of  the  doloinite  and  maiaea  of  gmnQiar  limeatone  containing 
garnet!,  lie.  in  the  ueighbourhood  of  Veeuviua,  p.  334;  Note33I.  Onare- 
ceat  aea-tormed  bank  of  oolite  near  iJtDCerole,  p.  338 ;  Note  349,  On  th* 
•rijfin  of  certain  cong]omeratea,  p.  3S8;  Note  390.  On  ceratiles,  arlete^ 
and goniilitea,  p.  aetg  Note 311.  On  (he  origin  of  erratic  bloclia,  p.  3T4| 
Note  333.    On  the  barometric  windroae.  Note  387. 

Bqcltland,  on  coprolitea,  Notesn.    Onthe  floniofthecoalformationand  brown 


Bnffbn,  m  the  geOfcnpfalcBl  dlatrlbotiou  oT  animili,  p.  ItT. 
Burckbardt,  on  ItoiolctnoorUediniiD  UTS,  p.  lu. 

BuTHi  (Sir  Aleunder),  oa  iterolltet,  uid  on  Ibe  Kmie  sky  mhI  tnntpuot 
■tnwiphen  of  Bokhara,  p.  107  i  Nole  BO. 

Otidu,  on  the  mnnil  qnanlity  of  rain  «  SinU  Fe  de  Bogoti,  p.  Ssi. 

Cildecott,  on  the  eiiglence  of  ui  annoil  wliiiiOD  ol  temperature  at  ■  deptk  of 
ati  Frenth  feet  M  Trevindrum,  Note  ISD,  {Editor). 

Cipoccl,i«nuTiiigf*llBor>erol[l«s,p.  IIS;  Note  74, 

Cvlini,  pendulum  ex perimenls,  NoteISS,  Bnd  addition*  by  BdilM. 

Ciroi.bisdeflnitionDf  "natnre,"p.»3;  Note  11. 

Ctitelmuin,  on  the  mBgnetic  propertiei  of  the  gilimiic  d«ne.  Note  ITO. 

Cuaini  (Dominic),  on  the  zodiacal  IlKbl,  p.  12»,  igOg  Notea  03,  W.  On  the  com, 
presaion  or  Jupiter,  p.lM;  Note  118. 

Cantler  and  Falcona-,  gigantic  (oaall  land  tortcriae  from  the  Himalaya,  p.  366. 

CfTinlUea,  watched  the  rapid  growth  at  k  baodMra  ahoot  by  meuui  of  llie  wtit* 
(rfatdeacDpe,  p.  in. 

f^endiab,  application  ot  the  tonion  balance  (o  the  detennination  ol  the  man 
denaily  of  the  earth.  Note  13E,  and  addition  by  Editor. 

Celeatial  phsnonienH,  p.  53— US;  Notea,3i— IM. 

Cbardin,  comet  of  IMS,  called  "nyiek"  by  thePenlHuB,  p.  13>i  NotaM. 

ChaTpenlier,  on  ;;lacierB,  p.  328  Foaill  remaina  in  gisnohir,  or  ao-called  primi- 
tive, limestone,  Nolea  379,  ^17. 

Cbemlcil  affinity,  p.  St. 

Chevandier,  calcnlatiooa  of  Ilie  imall  amonnt  of  carbon  derinbte  from  a  girra 
area  of  (he  preienl  foresiB  of  the  temperate  tone,  p.  37 1  [  Note  SS7. 

Childrey,  givea  the  first  notice  of  ttie  lodiacal  light  in  ISGl,  p.  las,  1M> ;  Not* 

Or"flrBapring8,"NotelW.    Ofmapie 
of  magnetic  compaas,  p.  IGO.     Notice  of  atreama  of  lava,  p.  ^3S. 
Chladni,  on  aerolilea,  meteoric  itonea,  &c.  p.  Ill,  lia,  las,  lafi;  Note*  es,  t». 

Chronialic  p-ilarieation.  Bee  Ught. 

Cirri^amulue,  Bee  Cloude. 

Clrro-atratna,  see  ditto. 

Oarke'a  eiperimeatB  on  atmoipheric  el«ctri<^ty  at  Dnblin,  p.  »U. 

(J.  G.,  ofMaine,  U.S.),  dcBcriplionor  the  comet  of  IBM,  NoteM. 

Clauaen,  on  comets,  p.  IDl.     On  the  idDIonic  action  of  dioritic  veins  in  Bruil, 

atmalic  dlBtribntion  of  heal,  p,  807. 

Climatology,  general  accoant  of,  p.  31>-397 ;  Hotea  Sm-Sffl. 
Cloudg,  luminons,  p,  ISB.     Seen  above  ahoala,  p.  3(0,  SCt.     Don't  ranarkaon, 
p.  311.     Soinetiniea  prcBent  a  "projected  image"  of  the  inequalities  of  the 

cirro-tlralua  «it!i  changes  of  teoiperatnie,  &c.p.  »3«.  Connection  of  drn 
Untna  with  aoroFB,  p.  18t,  183;  Note  174.  Thunder  cloudB,  their  electnc 
Rate,'  colour,  appearance,  altitude,  &c.  p.  334,  33ft ;  Note  415.  Tolcanic, 
fbrmed  of  lOlcanic  seeim,  p,  333,  3SS. 

Coal,  formed  from  the  vegetation  of  the  aocieol  world,  p.  369,  »i )  Note  ass,  a). 

Coal  meaanrea,  depth  of,  p.  ISO;  Note  13S. 
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ColebTMte,  on  (be  bdEht  oTOn  inow  line  od  the  two  decfiritis  of  the  Him^ya, 

Notes. 
CollKdoD,  elcctn-mnfDetic  ippantiu,  p.  t33. 

Columbui,  tiMiiidiiDTUJatioooftbecoiDpiiunHr  Ebe  Aioreiinltn,  p.  170,  III  i 
NotelSI.  Rmiirki  IbU  p«1n»  and  pioa  grow  to^aber  oa  lh«  coiit  of 
CdIw,  and  diitingnuhea  PodocaipaB  (torn  PiDHi,  p.  173i  Nate  tW-  Hia 
notice  of  the  cqnatorial  carreot,  p,  300 :  Note  STO.  Of  the  SargaaM  wa  or 
portkHi  of  tbe  ocean  Cottnd  wilb  Fnciu  Datasa,  p.  Ml.  H(t  dteiin,  p.  KM  < 
Note  »4. 
Comets,  Keneralacconntof,p.  91— 10*1  Notea  4S— S7.  SopposeU  danger  of  Ibeir 
coUisiOD  with  the  earth,  p.  H,  39,  IW,  Small  denaity  of,  p.  17,  K;  Notea 
40,90.  MultiladeoT,  p.  Bl.  SmiUmaw  of,  p.  100.  Pathaar,  anddiaCancea 
from  the  sun,  p.  BS— i04,  133.  Chineae  accounta  of,  p.  (12,  gs ;  Notei  ii,  77. 
Fsara  Dccaaioned  by,  in  former  timea,  lot,  106 1  Note  17.  liiia)(inary  coonec- 
tlonof,  with  a  fine  liatage,  p.  lOS.  Examiaation  ofthelight  of,  hy  chromatic 
polariutiim,  p.  97 1  Note  51.  Cbangea  in  llie  appeannee  of  comets  and  appa. 
rent  Tibrations  in  taila,  p.  M,  9S,  Bi.  isa ;  Notes  49, 46, 99.  Coneti  of  abort 
period,  p.  99— loa.  Of  long  period,  101.  Comet  aaenin  Peraiaio  IS83,  ami 
caJled  "nyzoli,"  or  amall  Isnce,  p.  119;  Note  92.  BieU's,p.  U,  7T,  99,  104, 
BlanpalDB,  p.  101.  Oanaen'B,  101.  EnckCa,  p.  W,  as.  The  eiiatence  of  a 
reaiating  mediota  inferred  fVom  the  diminjahing  period  of  revolation  of 
Encke'scometiP.  14,71, 98,  Bit  FaTeiB,  p.  )01.  Hatley'a,  p.  94,  97,  U9, 101, 
101.  Lexell  and  Bnrfchardfa,  p.  101,  lOt.  Meeaier'a,  p.  101.  Olbcro'i,, 
101.  FDna'a,  p.  102.  FOMible  encODBler  of  fiiela'a  and  Eacic'i  comets, 
p.  100.    Comet  or  1843,  p.  9t;  Note  43. 

Campam,  early  knoicledge  by  the  Chinese,  p.  169. 

CondamiDe  (La),  iascriplion  on  ■  mtHiumenl  at  Qnito  on  theleni^  of  the  seconds' 
pendulumat  the  equator,  and  on  the  Pemvian  arc  of  the  meridiao,  Note  131. 

CooAt,  BOMtt  at  ■  jreat  fall  of  aerolites  teen  in  Arabia  in  OdoJiet  902,  Noie  M. 

Corabceuf  and  Delcroa,  geodesic  detenu  inatinnt  near  tbe  line  of  the  Pyrenees, 
■heniDK  that  no  Beneible  difference  of  level  eiiata  betneen  the  Atlantic  and 
Mediterranean,  p.  197!  Note  36S. 

Cordilleras,  scenery  and  segetalion  of  the,  p.  9, 11— IS. 

Cosmos,  author's  purpose  in  the  eaaay  on  the,  p.  S2,  S7-fiO.  Discusaion  of  lb* 
terra,  and  of  the  meaning  of  the  science  of  the,  p.  B6-5S,  68;  Note  17. 

Cosmography,  p,  lii,  of  IbeAuthor'a  Preface.    P.  B7,  73—79. 

C:raters  of  elevation,  p. 114— 116;  Note  111, 111.    SeeVoicanoet 

Curtlus,  temperalurea  of  several  aprinjfa  in  Greece,  Note  206. 

Corier  (Geo^e),  with  Brongniart,  pre.enilnently  the  founders  of  the  science  of 
fliBsil  geology,  p- 161,  264.     Fosail  crocodiles  in  tertiary  formations,  p.  K3. 

Dainwchos,  fallof thestoneof  JIgosPoumoa,  NoteW. 

Dalman,  cai  the  Chionsa  aranei^des  ftnmd  In  snow,  p.  344. 

DallOQ  obsened  anrora  aoattalia  in  England,  p.  lU.     On  the  dew-point,  p.  sto. 

Daniell,  on  the  dew-point,  p.  330. 

Darwin  (Cbarlea),  on  yegBtable  fasalla  In  tbe  travertin  of  Van  Diemen  Island, 
p.  111.  Analogy  of  tlie  floraa  of  tbe  aaatbero  temperate  regions  with  fossil 
lloraa,p.a7a!  NoKSSO.    On  cbangea  of  leyelin  theseabotloniof  thePaciflc, 
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theixnllelnMdi  of  Gin  Rot,  Noteui.    Op  the iltitade or  tbe  raleuw  W   j 

AcoDcnitiu,  KCD  on  one  occulon  entirely  denuded  of  anmr,  p.  St» ;  Note  Ml 
Div;  <Sir  Humphrr),  renoDDCed  bU  dHmial  hypotluafa  of  TOleaiiic  eniptis*^ 

p.  mo.     On  ■  canu  «f  the  law  temperamre  of  nter  on  ahoila,  p.  309. 
Daiuay,  iaieMifitlaDg  on  the  influence  of  the  height  of  the  biironieter  on  the  levd 

of  UieM*,  p-ltO,  tlO.    Compaction  of  the  •elocity  of  the  equator  Ul  currat, 

Dechen  (Von),  on  the  depth  of  the  LU^  coal  buln  and  of  coliJo  mine^  Notce 

Delcrot.  eee  Craabanfind  Delcrat, 

Denilty  of  cometi,  earth,  planeli,  ftc.  *ee  thoie  heidi  mpectirely. 

Betctrtee,  fragmenta  of  an  Intended  iTDrlc,  entitled  "  Uonde,"  p.  Ml.     On  the 

taiHafcomela,  Note  n. 
Deahayn  and  Lyell.  on  the  numerical  relatloni  of  Ihe  Ricceaiiye  type*  of  orsaiic 

DiceBrctani,  on  the  KretteU  extent  of  the  old  eontinent  from  east  to  wast,  (Ooh- 
tlmMtn:medthe"p*nllelafthediqthragm  of  Dlcearchua,"  p.  180,  381. 

Piu^enefl  of  ApoUonia,  on  aeroHtea  (eapecially  the  itono  of  -£^<  Polamoa),  and 
on  theorl[inaf  heiienly  hodiet,  p.  11*. 

D'Orblg^y,  foull  ammonltei  and  gryphcs  from  the  HimalKya,  p.  7M, 

Dove,  "lawDfR>MtiDn"ofthewindi,  p.SIOi  NoteSSB.  On  Che  form  of  ehnd^ 
p.  Sll.  On  the  hygrometrlc  irlndraee,  p.  S31 ;  Note  4M.  On  the  reeea- 
blance  betveea  the  diilurhance  of  the  needle  during  an  inron  and  the  mcFn- 
raenta  of  an  atmMpherlcal  electrometer.  Note  I  TO.  On  the  diurnal  variatiai 
of  the  preuure  of  the  dry  air  at  Buitauiorg  in  Java,  Note  SSi  (Editoi^.  On 
tlie  diff'ereTLce  of  the  heat  recdred  by  the  groond  and  the  indicf^ioiia  of  a 
thermometer  placed  in  the  ihade.  Note  DIM. 

Doy^re,  eiperimenti  on  Infusoria.  Note  13^ 

I>rake,  tremhlingt  of  Ibe  earth  in  the  United  gtttee  In  1811  and  IBll,  p.  Ul( 
Note  188. 

Due,  maritellc  obierratiani  In  Biheila,  Note  lis  (Editor). 

Dnn-^noy  wilh  Bile  de  BesnmoDt,  Deactiptian  i^togiqne  de  la  France,  Notta 
338,  3H,  «0,  370,  370,  384. 

Snmaa,  chemical  analyeie  of  the  atmoapbere,  p.  nS;  Note  378. 

DiBwrrey,  maKuelic  equator,  p.  173;  NotelM.    Pendulnm cipmracnta.  Note m, 

I>uprei,  ioflueoce  of  treei  on  atmoapheric  electricity,  p.  884 ;  Note  418. 

Xarth,  its  place  tn  the  aolar  lyiteni,  p.  St.  General  ylew  of  tbe  earth,  p.  14^- 
184 ;  and  terreitrial  ptuEnomena  generally,  148,  887.  Fi^nre  of  the,  p.  »K 
IM— MB;  Notes  137—138.  Denalty  of  Ibe,  p.  ISV— IBI ;  Note  198.  Temp*- 
rature  of,  p.  161—187  j  Notes  isj— 118.  Mean  temperature  unchanfed  fna 
tbe  Hine  of  Uipparchus,  p.  168,  ISA ;  Nets  140.  Early  biffi  temperatiuik 
p.  IS,  181-184.  lutemal  beat  at  iucreaiing  deptha,  p.  37,  Ifi,  ittt— IH. 
189;  Notei  187, 198.  ReacUon  of  the  interior  on  iti  eiterlor  generally,  p.17, 
1S9— 338.    GenetalviewofthtsreactiOB,  189— 191, 

Bartbqaako,  p.  lai-rVtS;  Notes  180—198.  Peculiar  impreisioa  prodnod  by 
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leut  magnetle  intenaity.  Editor*!  addition  to  Note  IDS.  Of  no  horary  varia. 
tlanofDiedeclinatian,p.1Ta.  Smnr,«lowerUmllDfperpetiialanaw,p.SK 
—tSD;  Note*  t,  MS. 

Un«  or  equal  magnetic  IntenailT  (or  Uodynamic),  of  equal  magnetic  inclination 
(or  laocUnalJ,  and  of  equal  magnetic  dedbation  (or  faogonic).  p.  170-ltS. 
m  Nolea  IW-MW.    IiocUdbI,  p.  170,  171—1711 
p.  m,  m  )  Notea  isfr-in.   iKriwrometiic  v 


MH.   isMhcnnl,  toolkan],  ma  iMcUnHNul.  p. 

p.  3M-,  Note  301. 
littrow,  Beadmibcnde  Artranosifc,  Mota  3),  fiS. 
Lord,  OB  the  uow-lfaw  00  tlie  two  decUritics  ol  Oe  Binutari,  No 
LotUn,  on  uniTH,  p.  IBS,  18T, ;  Note  171. 
Lomnoni,  dtocciued  Ihe  connicaUoni  of  an  Minn  during  lirigtat  i 


,"  Note  SI. 

n  of  ■  gnat  Tolanic  eiuptian  in  ledUK],  p.  US. 
iuJcw,  pmllax  and  dlituice  of  •.  Centatui,  p.  IM ;    Note  U.     Incmned 

hrighlnmirf,  trjn.,  p    m,    Nole  130. 

adltr,  comprculon  of  Unniu,  p.  BT.  Diituics  of  tbe  Innenaoit  HtelUIe  of 
SMnrn  from  thai  planel,  p.  W.  Uas>ortbemoOD,p.BT;  NoUM.  Libiatioa 
of  Uu  moon,  p.  HO  i  Note  11.  Tlie  llmx  cold  d»[i  of  War  (lllh,  lath,  Itth), 
NoteU.   CoiUeclarareipectitigtbeiTengeiiMiHofthedoublctlalB,  p.ia8; 


Haguet 


l»-178i  Notniia,  1(U,IH,  ICT.ITO. 

H^piNic attraction, p.  1T8 ;  Nota  16a.  D«;1ination,p.l70— ITS;  Noleil50-IM. 
HoteDUDt  of  clowd  Brlttmi  or,  Noteisa.  Horary  variatiODi  of,  p.  171,  1731 
Note  193.  Eqaator,  p.  ITS— 171i  NotBslflS-lW.  IncliMlion,  p.  Hl-il*i 
NotealH— 1S1.  Inteoaity,  p.  m,  lis  i  NoCea  1S9-1N).  Liiieg,  (ace  Lido). 
Slatiou  or  aUanatorlei,  p.  3*,  m,  311 1  Note  166.  Stonua  or  duiuiUanco, 
p.  H,  167 ;  Note  143— their  connection  with  lurort,  IT»— laT  I  Notet  lU,  170.  in. 

Hagnuiacn  (SDemimd),  TOlonic  eruption  in  Scotland,  p.  326. 

WfhMinn,  preralUng  direcUan  of  the  wind  in  tlic  middle  lititndea  <tf  tba  tempt- 
nte  lOne  in  both  continents,  p.  313. 

Malnn,  dcacrtbedijet  of  qwrlu  in  the  udUcal  light,  p.  111.     Zodiacal  ligh^ 

Malls  (Dnnan  de  la),  noticed  ■  remarkahls  paiaage  Df  9t.  FUticiaa  on  tte 

origin  of  thoiMl  apringi,  Note  308. 
Hui,  p.  U0-SS7i  Nolea  433— HS. 
Mublea,  Parian  and  Cainm,  p.  3tl ;  Not«  3TS— ISO. 
HargaiitaPUIoaopbicaof  CregDiiiulleiub,p.M;  Note  10. 
Harim  (fflmon),  fint  deacribed  the  nebulie  In  Andioineda,  p.  130. 
Man,  ace  Planets. 
Martina,  fi>Dnd  the  air  on  the  Fanlhom  to  oontain  aa  much  oxygen  a>  the  air  at 

Paria,p.)Oe.    Onpolarhandtof  cloud,  Note  I7i.    On  the  diatribntlon  of  It* 

aunnil  Ulof  nln  in  tlie  dilferent  teaaoni  of  the  year.  Note  406. 
Uaakeljue,  Hntton,  and  Flayfair.  experimenla  on  the  deflection  of  tbephunt^Jiot 

b;  the  attraction  of  BcheiuilMen,  Note  138. 
MattUen,  on  the  increated  intensi^  of  gratiCatlan  in  TOlcaulc  iaiandi  ahnni  bj 

pendnlnin  experlmenla.  Note  133. 
HatthiMaen,  letter  to  M.  Arago  on  derelopraent  of  light  and  Iieat  by  electric 

tenaion  in  tlnelf  divided  matter  of  lery  amall  tnaiain  proportion  to  It*  tnrhct, 

Moten. 
Mayer  ClWiiai),  on  flis  proper  metion  of  the  aolir  ajnlem.  Mote*  101,  US. 


in  (Prfm,  n  Wicd),  on  tb«  Aniei 
jaean  nmnrricd  nlaa,  tlieii  imporUuice 
Mean  itite  of  ptwnomeni,  p.  17,  IS. 
Mellonl,  on  radiant  heal  and  e1«tn>-niagneti>m,  p.  S3. 
lOejuel.  firit  iwe  of  tlie  leim  "geograpfay  of  planti"  luananeditedtDraofJapan, 

Meaaier's,  coni«l,  p.  101,  tee  Cometi.     Nebnla,  nnrly  leaembling  our  Own 

Bideregl  ayBlrm,  p.  141. 
MetaraDrpbiCf  «ee  Rocka. 
Heleorg,  meCeorlc  atonn,  &c.  aee  AerollUi. 

Mel«)ro1osT.p.a04— as8;  Notes  »7S -419.    Editor'*  note  on,  addition  to  Note  ISl. 
Meteorolopc b1  obMrvationi,  see  Mapif  Ileal  obaetratoriea  (or  slalions). 
Mtthane,  elevation  of  the  hill  or,  p,  230. 
MejTflD  on  liie  reproductlTe  oi^ana  of  llTerrorta  and  aJgx,  p.  ^40.    On  a  tbermie 

scale  of  cuWvatian,  p.  321 ;  Note  39J. 
Meyer  (Hermann  von|,  on  SsnrianB  and  Byinj  aauriana,  Notes  303, 305. 
MilkT  irey,  p.  SO,  W.  1(0—143 ;  Notes  109,  no,  113.    Nebulou),  p.  141. 
MineialB,  artificial  fonnatiun  of,  p.  1ST ;  Notes  MS— 29i. 
Hiaea,  depth  of  several.  Note  134.     Temperature  of,  Note  138.    Eartliiiuiilu 

movemenU  io,  Note  1S9. 
MKcbell,  esrtliquake  movemeati  or  trembbnga  of  the  ground  in  Nortb  America, 

Note  IBS. 
Mitieberllcb,  ontbe  influenceof  temperature  on  the  aiea  of  crjatale,  p.  2<8| 
Notes  MS,  36S.    On  the  mellinspoint  oficranite.  Note  IS.    Un  the  chemical 
<ir%<n  of  apecnlar  Iron  In  volcanic  maase).  Note  339.    Liitbt  tbroim  on  geolairr 
by  cbemkil  combinations,  p.  Hi ;  Note  ii^t.     On  tke  artificial  production  of 
^inerala.  Notes  301, 394. 
Monsoona,  p.  Sll  -,  Note  330. 
Moon,  p.  87,88,90, 91 1  NDteB4a,41. 
M onticelli,  on  hydrocliioijc  acid  eihalaliont  in  an  erapHon  of  Vesnrtas,  Note  116. 

On  crystals  of  mica  in  the  lava  of  Vesuvius,  Note  370. 
Morton  (Samuel  George),  hli  fine  work  on  tbe  American  net,  Note  434.  , 

HOBer>>,  pirturea,  p.  ISO. 

Hoontaina,  the  elevation,  acenery  and  vegeUtion  of  different,  and  chains  o(  in 
America,  Asia,  and  Europe,  p.  9-14:  Notes  3—6,  sec  Cordilleras,  and  Hima* 
lay*.  iDflaenco  of,  ao  climate,  natural  productiona,  and'  human  afbira, 
p.  191, 391, 301,  334.  Elie  de  Beaumont's  views  on  tbe  nlalive  age  of  different 
chalna  of,  p.  34,  391— W;  Note  SSI.  Decrease  of  temperature  and  cor- 
leqMndiiig  lonea  of  vegetation  on  tbe  declivities  of,  p.  11—13,  334—317,  346 1 
Notes  5,  S,  399,  439.  Limit  of  perpetual  anow  on,  (a  anow-line,  p.  S3«— 330j 
Notea  i,  403. 
Hud  volcanoes,  see  Volcanoea  and  Salsea. 

Miiller  (Johannes),  on  races  of  plants,  animale,  and  men,  p.  SSI ;  Note  438. 
Hnncko,  on  tbe  prevalence  of  auioraa  in  particular  districtB  or  lones  of  hmgitnd^ 

p.  184;  Notel7fl. 
Mandai,  origin  and  derivation  of  the  term,  p.  ST. 

UorchlsoD,  period  of  the  Paleotanrua  and  Tbecodonlosaums,  p.  363.    Description 
ofaflaaure  through  whicb  melapbyre  bsa  been  ^ected  in  a  cud  mine,  Not* 
MO.    Hi!  general  classtOcation  of  the  older  foasilireruus  rocka,  Note  314. 
Mtwhmbrock,  in  the  middle  of  the  laat  century,  called  attention  to  the  frequencf 

Nature,  lmpartofthelerm,p.39,69,71.   Syatemaof.p.  30.   Fbilosophyafnatin*, 


Of  ■ndentitoelilneoftbeCoRiuMiP.Silt.    niiliii.  iiiillj.liiiiiilj.  ■mI^wiiii 
of,  p.  I— B,  90,  31.    PliDT'iHlaloryar,  p.  SB. 

Nebnlc,  p.  7t— 7T>  HI— KSi  Noteiia,  111. 

NrbuloDi  milkr  nj,  p.  lil.  lU ;  Note  113. 

Nibulani  aun  uiA  pluutu?  nebnlie,  p.  T5,  »,  1H),  Itl ;  Nota  81, 9S. 

Ncbuloui  nutter,  (uppaKd  otifia  of  Eha  heavaalr  bodin  Orom,  bf Minm 

p.  T3— H,  BS,  M,  ». 

Kewton,  nidd  tb«  qneiClon  of  UiB  different  batmea  tbe  (ttnction  afinaMca  and 
ipolecol«  mttrKtkm,  p.  SO ;  Note  M.  Approred  itrongly  of  Virenios'B  Gow- 
nl  and  Compiimtlve  Geognpby,  p.  U ;  Sole  M.  Coagidered  that  tbe  Mks 
plutetiTy  bodlea  oT  tbe  solar  lyitem  an  probtblT  "  cumpoaed  of  Ue  lOK  I 
miReTnitta  thli  earth ;  vli.  eartb,  water,  and  atonea,  bnt  Taiimialr  concactad,'  i 
p.  113;  NoteSI.  AaaigDFd  s^  *a  the  compreaaion  of  the  earth  on  tbe  kjr*- 
thHlioTbainogealeCr,  p.  lU,  IM;  Note  m.  : 

Mewlonisn  aiiom,  ortheidentlCy  of  the  fonxoT  gmitaKaii  In  tbcmiiat  Ttrini 
bodica,  cODOrmed  by  pendDlimi  eipgimenla,  aapeciallir  thoae  of  Boaael,  p.  H      j 

Nicholaon,  deacriplion  of  UsbtninK  cloudi  witbont  audible  thonder,  p.  SSt. 

N[laaon.  de preaalon  of  the  aoulb  oout  of  Sweden,  p.  X7. 

Noliile  (Antonio),  eiperimenlal  invaatigatiDna  on  the  islluBDCe  of  the  haicht  Of  thi 
bancHter  on  the  ler^  of  tbe  aea,  p.  390.  I 

HOggcetath,  cmnted  791  annnal  rinffs  In  a  tnink  fbnnd  in  lignite  (a  bnnni  taal      i 
P.S7S.  I 

Nomenclatore,  eeientlllc,  and  chanf  ea  in  <t  propoaed  at  dilfereBt  perioda,  p.  M, 

Nordmann,  on  certain  minute  aoimala  Id  the  eye*  and  gilla  of  llihea,  p.  S44. 

Norman  (Robert),  invented  tbe  inclinalorium,  or  dipping  needte,  in  the  alitea 


Ocean  btennal  account  of),  p.  179, 19^—104 1  Notea  MS— STi.  Ita  extent  rdathelr 

to  that  of  the  dry  land,  p.  >n),  280',  Notea  Sa6,  SW.  Ita  depth,  p.  ISO, »«. 
Decreau  ot  tnmperatarB  al  Increaaing  deptbi,  p.  19S,  19C.  ita  genenl  nnl- 
fbrmity  and  congtancy  of  temperaCare,  p.  9St;  Notes  SU,  >S1.  Immenae 
abnndance  of  animal  life,  p.  303,  HI,  3(1.  Influence  on  cUraate,  p.  V«, 
11}— 311,  S33;  Notes  389.  On  human  a&ira,  p.  1»,  KS,  386,  S04.  Ildea, 
p.l»B,39Bi  NoteSST.  Ciurents,  p.  399-Wli  Mote*  MS-tTS,  and  Ediler'i 
addition  to  373.    PhDiphorescenl  light,  p.  189,  303.    Impreaajam  prodaced  by 

Oersted,  connection  of  majnetiim  with  electricity,  p.  179,  ITS ;  Note  ■«. 

Olbera  on  cometa,  p.  90,  109 ;  Note  49.    Explanation  of  a  aappoaed  iii  i  aai I 

npHardmovementof  aeiolitea,  p.  IMi  Nale6S.  Periodicity  of  the Anfoit 
metcon,  p.  115.  Expected  retain  of  an  exceedingly  brilliant  dlaplay  of 
NDvemberaeT0llteainia67,p.in;  fotrK.  Supposed  retardation  ot  Nonfa- 
her  aeroUtes,  Note  W.  On  the  lariatioui  in  the  inleuiity  of  the  ZodiictI 
light  and  ribrations  la  the  taile  of  comets,  p.  131;  Note  99.  Oothe  Ugbtof 
aUia  and  (he  transparency  of  celestial  apace,  p.  143 1  Note  US.  Meannais. 
ber  of  eenlites  Tisible  per  hoar.  Note  eo.  Vcloclly  of  aerolitea  compoted  u 
tbe  bypotbesTB  entertained  by  Laplace  of  a  lonaroriglu.  Mote  09.     Renait 


Olmeted  (Deniaon),  of  Nertanen,  MasiachDaetta,  on  the  gnat  fU  ol  Namdet 
aeroliieBlnNor(hAmericainl»33,p.ili,ii4,lifi;  NdmM.  Small  and  very 
nnmeroua  aerolitea  rtsemblin       phoapboreaceiit  hues,"  p.  107 1  Nelt  O, 


iHDKX.  cnxi 

Cn^eetnred  onHcthn  of  McoUIci  wtth  Ok  puns*  of  «K  e«th  throogb  tiM 

xodiacal  nfhiiloai  ring,  N(rte  9d. 
Oltmaniia,  olnemd,  wUb  tbc  AallMif,  the  nurch  of  tb«  docUutkm  needle  it  (bort 

intenili  mt  Bedln,  Note  1U. 

Org^ank  life,  geoenil  Tiew,  p.  MS-MT  i  Motw  4»-4M.  

Oiria,de«criptioiio(tlieTOfcmiiieele™iiinioftbebU10fMeawiie,p.»»i  N«««MCt 
Oviedo  talis  the  gnlf  need  "pimdalMdeTeivi,'' p.  lOI." 
Oweii,ODthesK«tfiaulM7l<Mon,p.W.    On  Uw  Disonta,  P- >T9. 

fMieogeognptlT.  P-  »7*-S78. 
PmtaamtolOKy,  p. ».  15»— J5»  i  Note*  3«— «•. 
Paleeophytology,  p. «,  Me-«* ;  Not*  117-Wl. 

P»lKoioolog7.    (3ee PeljBMitoiogT-)  v.      ^      . 

Palmer  obwfmd  the  «re«t  November  ibower  of  metolile*  in  North  Aiaertei,  m 

18M,p.lU.    Realled  the  occnrteoce  Of  »«linil"^>«!noaiBiM)0  in  November 


ia,M7,  SB. 
Fiuvllu,  of  fixed  itm,  o,  TO,  144  (  Note  M. 

p»iry   larom,  end  their  oBOdition  with  mapietlc  dletBibukCM,  p,  lBS-187. 
B)iroBeticoheerT>iion>atPDrlBoweii.p.>».     1U«  occurrence  of  thunder 

in  high  notttwm  tatitndes,  p.  SS«.    8«w»n  »nro™  in  cleerd»yUghl,  Note  ITS. 
Patridn.  (Bidiop  of  Pertus*  in  the  tMrd  centoryh  bl»  eomct  Tim.  reipeclini; 

the  origin  of  hot  iprlnj:*,  p.  311;  Mote  SOB 
rtaaer,  on  dtffereat  wnrces  of  utmospberic  electrldty,  p.  WS ;  Notei  409, 411, 

41S.    AtWibQlBi  lo  eletB^TBy  clouds  rwinons  eloctridtr  ;  snd  lo  "bite,  toee, 

nd  orsnge-coloured  lioods,  litreonn  elertrieity,  p.  884. 
pencad  (Coout  Msnui),  cUcireons  bed.  ptrttsfly  inflected  bj  the  contKt  of 

sTcnidc  gnnite  in  the  TjnA,  p.  DO. 
Pendnlnm  eiperiment.,  p.  ^^  1ST-I»i   Note.  lBl-188.    M.de  fOr  the  purpose 

of  determining  the  elUpticity  or  Ognre  of  the  eerth,  p.  IM,  1ST ;  Note  181. 

Influence  of  locel  .ttnction  on,  eflWdlng  indication*  retpeciing  nick.  «id 

rtnitsothetwtwin«:ce«lble,p.«,l»8!  Note.  IM,  1»,  «id  Editor'.  NoM 

.ppeoded to  Note  18a.    Tho«of  Beml,e«»bll*tboidBBtitTotihe«:iiDn<tf 

rrenitation  on  very  Tmrioo.  bodie.,  inclodlng  fragmeDU  of  serollte.,  p.  SI,  iS. 
Pentlmd,  eler.tion  of  the  Bomt.  uidimBMnI,  NoteS.  ami.  from  the  bigWuid. 

of  l^tlue,  Note  484. 
Pami*n.y.lem,  Note  914. 
Le  Peron»e,  flm  erperinMnt.  on  thembitlon.  of  the  ni.gnetlc  force  msde  on  hi. 

eipeditton.  Note  IM. 
Pert.,notlieof.l"gBineteoricrtODeor.BroUte,p.ll»;NoleBa. 
Peter.  (Dr.),  on  the  lelocity  with  which  rtone.  Me  ejected  from  Etne,  woie  w. 
PhilUp.,  eiperimenU  on  the  temper^ure  of  mine,  at  depth.,  Note  138. 
PbilowphF,  i*u«  of  .pecnlstire,  p.  81-88.    "  PhiloKipSr  of  n.ture,    p.  8,  IS. 

Pylh«ore«i.p.,S»,S»,»,ST,70.    lonic.p.SS,  «B,  14, 1S4,  IT*. 
Pho.phorelcen«oftbeK.,p.l8»,SOS.    Of  Venn.,  p.  168. 
Pli,.iHd  Kience,  it.  limits  p.  SS.    11.  inteUecOul  v.lne  ud  it.  inHoence  On  Ow 

proeperit*  of  nation.,  p.  aS-SK.  ,      ,„  „ 

dewriptiOD  of  the  univerw  (cosmofr^ihy),  p.  nx.  .nd  p.  40, 41. 

FIndiir,  olded  recorded  eruption  of  Etne,  Note  Sin. 
plua,  influence  of  lool  gr.rft.tion  on  the  direction  of  the  id 
u  of  Ittitnde)  In  Lombudf.  Note  lU. 


..CkvsI. 


Venuii,  p.  83-86.    (Her  lndepHidenl  or  ptaiMphomccot  Qght,  p.  07,  IB8.> 
VaU.p-M—U.    I}nau,m~8t,«t— SO;  Noun.    CloKly connected iMbHi 
of  the  unsll  plueti,  wiUi  the  dcepUon  of  Pallu,  p.  HE. 
n«o  ucribed  therms  tpringi  and  ill  Tolaiuc  phuMiBm  to  the  PyriphlegtthOD 

Biy&ir,  OD  Uie  Schebiltin  aperiiueiiti,  Nole  IM.  On  the  liu  ot  the  mualnid 
in  SvedeD,  Note  3M. 

Pliny  (tb«  elder),  bis  phyiiol  deuripticn  of  the  irorld,  p.  at.  On  tbe  amilliMH 
of  (he  evtb  relnUrely  to  the  uoiverw,  p.  1S9 ;  Note  13S. '  On  the  nttnctina 
of  vnber  vrhen  nibbed^  ud  of  the  loiditooe,  p.  ITB  j  Kote  IGl .  Remvtvt 
the  peculur  bomt  appeaniice  ot  the  cnut  of  aerolite*.  Note  SO.  Amre  UnH 
mimietiim  can  be  Imparted  p^miuiently  to  inm.  Note  14S.  On  the  Btane  al 
Mgo'  Potamoa,  Note  ag.  Remsrkt  on  eanbquikea,  Not«  LBS  and  IM.  De- 
■cribed  Oimei  fed  b;  emluluM  of  inflammi 
p  aiOi  Notean.  BemarkianJaipR,  Nolel 
the  conCineut  of  Africa,  Note  M4. 

■ (the  younger),  TOlcanlc  athe*,  and  deteripUon  of  the  great  eruption  ot 

Tiutarch,  truly  coitjectDrtd  aeroUtea  to  be  eelettlBl  bodies,  p.  |3S.  Sn^ioaei 
relation  betueen  the  depth  of  the  lea  and  the  heights  of  mountains,  Note  MO. 

PoiuDu,  on  the  ideotity  or  the  Diua  of  the  planet  Jopiter,  u  detvimhied  IVeiaila 
influence  on  blE  own  Mtellilei,  on  Encke')  comet,  and  on  the  Bmall  plauetc, 
p.G3;  NotelS.  Sunuiiea  the  poHibilily  of  aerolite)  Igniting  Ikr  berond  Oe 
rangeof  ouratmoaphere,  p.  110;  NoteM.  Hypotheaia  to  explain  the oce>- 
aional  non-appearance  of  August  aiid  Novonber  aerohtea.p.  118;  NoteTS. 
Hypolbeaia  reapectiog  the  temperature  of  Uie  globe  and  the  degree  of  wmrmlh 
obBervediniDineaandArteaiBnwella,p.  I6fl,  167;  Note  137.  IlraC  tuggesled 
the  meaaurement  of  tbe  magnetic  force  in  pHrta  of  an  absolute  acale,  dnce 
accomplished  and  brought  into  uae  by  Gauu,  Note  1S8  (Editor). 

FolarlsaCion,  chrometic,  of  ligbt,  p.  37,  a7 ;  Nolei  Id  and  tl.    (SeC'chromaltc" 

and  "light.") 
Folybiua  and  Eratoatlienea,  on  the  pyramidal  form  ot  the  Iberian,  Ita^?,  and 


foaidoniua,  deacription  of  the  "  Lygian  field  of  atonea"  at  tlie  montb  of  lU 

Rhone,  Note  61. 

p.SUi  HoteliO. 


Fricbard  on  the  dark-colonred  African  nations,  p.SSt,  SJU;  Notet3&    Divides 

mankind  into  aeven  nicea,  p.  3M ;  Note  tS9. 
Pyramidal  fonn  of  tbe  aouthem  tenninationa  of  great  mauai  ot  land,  p.  10,  Mt, 

xa;  NoteSH. 
Pyiiphlegethon.p.  aWi  Note  MS. 

PythBgorat.aDdFjtliagoreanphilOKiphy,p.SS,9T;  Note  IT. 
Quarterly  Review,  article  on  nugnetiam,  by  air  Jolin  Herschel,  p.  1TB  |  Note  Hk 
Qnoialedl,  on  tbe  lower  limit  of  betemnites,  p.  lU;  Note  Ml. 
Qnetelet,  wi-Ji  Olbera  and  Benaenberg,  Ural  made  Icnown  the  periDdicity  of  tba 


Aagoutmetan*,  p.  lit.     On  ths  ■Han  nmnlwr  of  MTditc*,  pCT  bonr,  within 

tbe  range  orvUicm  of  one  JDdiTidn*!,  Note  W. 
Qaatatii)niftDmAngo,NDl«5I,  7a,3U.  Aiinolli!,  p.  U«,  aao.  St.ADffiu»nt, 
Noleian.  Buoa,  p.  tT.  fieuiniDat  lEIie  de),  NoUlTa.  Bembc  (Cmtinil), 
NoWOie.lM.  Burkcp.a).  BoniM (Sir Aleunder), Note eo.  Cam,p.Z3} 
KaleU.  CuainMDommli;],  NoteH.  Cbildny,  Note  91.  CoLambiu,.  Nolta 
S3»,3;4.  Gilbert  (WUliuul,  Note  HI.  CoeUu,  p. »,  17.  Htnchel  (Sir  John), 
tnuulationof  putofSchiller'i  Walk,  Notes.  DeKriptionoribe  twoMmd- 
lanic  clouds,  Note  SS.  Hencbel  (Sir  Wm,),  p.  lU,  lU,  Note  til.  Hiunbaldt 
<AI«i.  van),  No(«  a»i,  tao.  Uooibaldt  (Wilbelm  von),  p.  149,  S56,  U7  ;  Nola 
4U.  Kopler,.p.  91 ;  Nolei  34,  H,  59,  90.  Jicquemont  (Victor),  Nota  S,  HI, 
43e.  Justin,  Nota  334,  laS.  LupUce,  Nslei  39,  69.  Neirton,  Note  U. 
Olbers,  Noted  83,  M.  Ovid,  p.  330 ;  Note  iao.  Plato,  Note  OS.  Plinr,  Nolei 
48>69,  149,  183.184,344.  FoiisOD,  Nolea  BS,  7S.  Keanell,  Note  STO.  S*lnl- 
Pierro  (Bernudln  de),  p.  7.  ScliiilBr,  p.  15 ;  Note  9.  Smec^  Notes  48,  aaa. 
8«liniu,  Note  IID.    Ticitiu,  N,  433.    Terzago,  Note  SO. 

Rain,  p.  331,  333.    Meiu  qiuntiC;  at  dilTer^l  plicee.  Notes  409,  401. 

Heicb,  determiDition  of  the  mean  density  or  Uie  eirth  l>y  eiperlmenti  with  ■ 

balance  of  1«[>ion,  p.  160;  Note  138.  On  temperatores  si  depUia  In  the minei 

of  Saxony,  Note  13S. 
Belnnaidl  and  Hoffman,  on  iDlcanoes,  nhldi,  dniiSK  violent  ernptiona  of  acoii^ 

boE  Rtter,  and  otber  eabttancei,  do  not  emit  larss.  Notes  318,  atO. 
Reiccb  (GreEarins),  bis  Bncfclopedia,  written  in  tho  ISDi  oaitory,  estitjed, 

Huesiita  FhilMOpbica,  p.  44 1  Note  19. 
Kemusat  (Abal),  on  tbe  existenee  at  active  loleanoeitln  central  Ail*  at  ■  great 

distance  from  the  ocean,  p.  3B3 1  Note  236.     Notice  of  a  sappoaed  itar  laTge 

aerolite  near  tlie  sources  of  the  Yellow  Bivef,  Note  63. 
Bennell  (Major),  on  the  equatorial  cairenl  In  Uie  l^iibbeaa  Sea,  Note  STO.    Claa- 

siQcation  of  curreult  into  drift  and  stream  currenta.  Note  173  (Editor). 
lUcbard,  on  Cycadeie  and  CoDifCcc,  Note  339. 
Kicbardson,  on  tbe  connection  of  auiwa  with  dR04tiatn*,  p.  182,  IBS.     Ob  tlM 

nolle  supposed  to  be  occasioned  by  tbe  anron,  p.  1S9,  180. 
Bicber,  pendulum  experiinenla,  fote  ». 
Bitter  (Carl),  praise  of  bis  great  work,  entitled,  Oeogiaptay  in  Tektlon  to  Nalur* 

and  to  tbe  Historyof  Hen,  orOeaeralComparattTeGeograpbr,  p.  18,  so,  u. 
Bive  (lie  1(1.  on  the  increase  of  tempentnre  at  depths.  Note  Its.    On  tbe  unequal 

distribatioo  of  heat  in  the  atmoqiherlc  atrata  as  a  cause  of  atmoipberic  dec- 

tildly,  p.  338;  Note  411. 
Robert  (Eugene),  ancient  sea  line  merited  at  a  high  leTd  on  tbe  coait  of  Splti. 

betgen,  p.  287. 
Boberteon,  on  tbe  permanency  of  the  magnetic  declination  In  Jamaica  since  1880, 

Note  ISO. 
Bocks,  fundamental  eUesMcation  of,  p.  335— 3U.     EndOKenout  or  erupted,  p. 

338—141,  340—348 ;  Notes  347-397,  360,  361.     Ejiogenons  or  sedimentary, 

111—344.  Metaniorpblc,p.244— 357;  Nota398— 398.  Conglomerates  formed 

of  detritus,  p.  K1,  398.     General  chemical  constltuenU  of,  p.  35S,  399. 

CiasgiQcation  of  fbasilifenins,  p.  367. 
Bl4e  (Gustav),  on  the  teilure,  composition,  and  appearance  of  different  aeroUtes, 

p.  131.    Iniestlgatlons  on  the  stmclure  of  volcanic  rocks,  p.  319.     On  torn* 
lemarkabie  raasees  of  giuite,  p.  389;  Notes  349, 391, 393, 360.     Onerritdi 


eoDUhwd  in  fnulle,  NM*  Ma.  Od  tb«  ttkeU  prodaeM  on  eertHhi  niiDi- 
c«iu  Khlili  by  the  contact  of  ^nnitef  p.  349.  On  diCTereat  mliKrata  nd 
tliclrmwleaf  fOnnitiOD,  compoiition,  &c.  Nota  KT.  ns,  163,  Ms,  m. 

Bou  (Ciptida  Sir  Jimei  CUik),  •oandiDg*  witli  MOD  fUlMnu  of  line,  p.  IS& 
Kewtaraa  of  micnnni^  animalt  from  tbc  AnUrcCic  PoUr  Seci,  p.  Ml 
MigDeHcobferviIloUTwullieccatrcarthehlfliaitiiodynmDiic  (ml,  Nats 
ItW  (Editor)  and  leo.  Delerminition  ofthcllnesof  eqoal  declinmtion,  equal 
Indiutlon,  and  equt  Intcntit]',  Drer  Ibree-ftmrlhs  of  tlie  acccMiUe  poitiai 
of  the  bith  MDtbRn  lititudo.  Note  IM  (Editor). 

Koswl  (Admiral),  aburvationi  oT  magnetic  Inteniity.  Thdr  beariiiK  and  dale  o( 
publication  diicoiud,  NotelSS. 

Bothmann,  lint  rtcorded  notice  ot  tbe  aodlacal  ii^t,  —'-'-"-it  it,  tunieta,  (>r 

Bo^  (Forbeg),  moit-linean  the  too  declinti«otthe  RimilaTii  NoteMS. 
Itoiier,at>*erved  a  ■teadrlnminoiu  appearance  in  doudt,  p,  1W. 
Rumker,  Encke's  comet  aeen  witb  the  naked  eye  in  New  Holland  in  leat,  p.  H. 
Euppellcontradicli  tbeeuilenceofactice  vDlcinoeainKordofUi,  Note  337. 
Buaie^er  (and  Berton),  barometric  meamirementa  abewing  a  great  depreaaionof 

tbe  Dead  Sea  and  tbe  valley  of  tbe  Jordan  below  tbe  level  ot  tbe  Heditemneag, 

Note  134,  SSg. 

M>tne  (Edward),  on  tbe  weatem  morement  of  tbe  inlenection  of  the  line  of  ■• 
dip  with  tbe  geograpbical  equator  fn  tbe  Atlantic  from  13U  to  ISSJ,  p.  lit; 
NolelH.  On  tbe  particular  Importance  of  the  iaodjnamic  lineato  thetheoiy 
of  terreatrial  magnetitm,  p.  1T4 ;  Note  ISS.  On  tbe  variaUona  of  the  mag- 
n^C  Inteniity  otct  lbs  nirhce  of  the  globe,  p.  1T4,  ITt.  On  the  bigbot 
intensity  on  the  globe,  Note  IflO.  Uagnetic  inteneity  at  Melvilte  Island  nar 
tbe  mijnictic  polecompaied  wllb  New  York,  p.  ITS.  DetermlnatiiHi  of  elHp. 
ticitybypendolum  enperimentB,  Note  181.  Increased  inlensity  of  ffrantalion 
in  volcanic  iatandi,  Note  1S3  (Editor'a  addition).  Magnetic  diattirbanai. 
Mote  141.  Obiervei  tbe  current  of  tbe  river  Amauin  MO  mllee  fhim  lb* 
month  of  tbe  rlvn,  Note  379  (Editor'a  addition).  Dinmal  yariaCian  of  tb* 
prcHure  of  the  dry  air  at  Bombay,  Note  189  (Editor'a  addition).     See  Editcr. 

Sagra  (Ramon  de  la),  mean  anniial  quantity  of  rain  at  the  Bavannah,  p.  Ml. 

Saliet,  or  mud  vokanoea,  p.  ail— ill. 

Bantorin,  island  of,  sftordi" a  type  of  lalanda  ofdeyation,"  p.  ISO;  Note»L 

Sargauo  Sea,  or  portion  of  the  ocean  coreied  witb  tbe  gntf  weed,  p.  Ml. 

Satellites,  revolving  round  the  priijiary  planeta  of  the  lolar  lyatem,  gensil  ao- 
count,  p.  S6— W.  or  tbe  Earth,  >ee  Moon.  Of  Jnpiter,  p.  8J_8».  Ot 
SatDm,  p,  ST-90,  116.     Of  Unnni,  p.  30,  B1— SO. 

Satnm,  see  Planeta. 

SanianTe,  meaaureoienti  of  the  enter  of  Veanvina,  p.  13t;  Note  911.  Foind 
tracsiof  ammonlaFBl  vapourt  in  Cheatmoapbere,  p.  SOS.  On glacien, p. M. 
Hygromebic  obtervatlona  at  heigbti,  p.  M9.  Diurnal  yaiiation  of  ataa>. 
spheric  electricity,  SM. 

Schayer,  microacopic  inlmali  in  ocean  water,  p.  S41. 

Bchelling,  quotation  from  hi>  Giordano  Bruno,  p-U)  Note  Ml. 

Scbeuchzer's  foHil  salamander  once  snppcsed  to  be  a  bnmsD  ekeletOD,  p.  ML 

Schiller,  qaaution  rroa,  p.  is ;  Note  9. 

Bcbldden,  on  tbe  sermi  of  organiaatiOB  and  devdopment  of  T^elable  ul^  f. 
»Sg  Notes *31, «a>. 


3,Coo^le 


Scbninnr  MtribnM  MtM  Tonukdila  abiMntiOM  of  flw  tohr  HcM  to  tha  pw- 

aage  of  aeroUtH,  p.  in. 
Scboutm  (Comella*)  obMTTcd  tha  ntlgueUc  d«cUutkm  In  ItlS  in  the  FkciAc 

Oceu,  Note  IM. 

Bcbaniw.anthebUorniointhedillCreTitwuoiuorEliexnr,  Kate  409. 

Scliretbert.  ft'^mcnliiy  durncter  of  urolita,  p.  110. 

Schwaniit  on  ws>nic ^e¥elopu]eat»  Note431. 

Bcina  (Abbitc),  eutbqiuta  nncmmeGled  iritb  prOTioai  meteorolosical  drciuk- 

■tances.  Note  IM. 
Scoraby,  nn  occurrence  of  tbaDder  in  the  hich  noiihern  lititmKi,  p.  US. 

Seffltmmi  on  cryftftls  of  olivine  Ibtuid  in  the  Bcoric  of  artiAclAl  works,  Not«  30S. 
Seneca,  remarked  the  nauil  direction  of  tha  I^le  of  comets  in  rofereoce  to  the 
■tin.  Note  49.  Amre  of  the  cotmlcal  nUore  end  long  oibiti  of  comeM, 
Note  M.  Rcnurked  that  (tan  are  Ken  through  the  tails  of  cometi.  Note  H. 
On  the  mpposed  innlnoiu  diancto  of  comett.  Note  SI.  Speculalioiu  on  flu 
cauei  of  earthquakt*.  Note  IS*.  Inclined  to  belieielhM  Etnawu  becooilDf 
extinct,  p.  Hi;  Note  314.  On  TOlcanic  action  and  on  the  tuppiMcd lowcriBg' 
of  Etna,  p.  ana  -,  Note  338. 
Blioali,  tbelrpreeeucetiHlicatedbiradlminiihedlempafManaftheui,  byBd■lJ^ 

and  by  dODda.  p.  KO. 
Sidereal  gyitemi,  p.  I»-n,  141;  Note*  14,111. 
Si^entrom.  on  the  height  of  auroru,  p.  181 ;  Note  ITS. 
SimwBtikol'i  diacorerr  of  the  Wood-hilla  in  New  Siberlt.  Note  n7. 
Snow,  limit  of  peipetoil,  p.  10,  II,  »&— S30;  Not«  9,  400— MS.     larmt  of 

orminic  life  in  polar  and  maoutiin  annwi,  p.  St4.    Bed  inow,  M4. 
Social  plant*,  p.  6, 349, 318. 

SoLar  BTBtem,  genenl  account  of,  p.  Bl— 134;  NoteaSS— 100.    Iti  place  in  ipoca 

Inferred  from  I  kind  of  atel]ar  ic»le,  p.  80.     Its  proper  moHon,  or  moTemeat 

ottniDilBtioa,  p.  l»t,  131, 138;  Notes  lOl— lOS. 

8olintii,  on  mod  Tolcanoes,  or  "  fluid  earth  iunins  from  tbo  aarth,"  Note  SIO. 

Somervjlle  <Hn.),  an  the  comparutireTolDmea  of  the  Hnall  planet*  ind  the  largert 

aerolites.  Note  Sa.     On  the  TOlume  and  the  light  of  pluietarr  nebula.  Note 

BoramerinE,  on  the  AissQ  rcoulni  of  tlw  larger  vertebrated  anlmala,  p.  Ml. 
fipriii£B,  cold  and  hot,  general  account  of,  p.  aoT—lll)  Note*  101— 309.     CMm* 
which  InfluHice  the  temprratare  of  oidinary  cold,  p.  aOT,  108 ;  Note  303,  303. 
Deepeat  Artedan  Weill  the  wanneat,  p.  211.     Constancy  to  the  same  spot, 
p.  910 ;  Note  300.     rormed  fronmilcanic  •team,  p.  339.     Tbermal,  p.  3D8~ 
311 1  Notes  309,  306, 300.     Connection  nilh  earttaqnakea  and  mhank  phBno 
mena,  p.  187,310.    Bedi  of  travertin  depoaited  from  cold  and  warm,  p.  »SJe, 
Stars,  (Sued  itars)  p.  77— SI,  114—143.    Nebulous,  p.  73, 79,  ISO,  143.    Telescopl. 
p.  143.     Vsat  multltode  in  Ihe  Hilkr  War,  P- 140.     Double  and  multipl*^ 
p.  30,  IM-IS8.     PsraUai  and  dlatance,  p.  137,  IM,  1*4 ;  Notea  H,  lOfl.     Ap- 
parent diameter  and  computed  volume  Bad  nusa,  p.  137,138,  Proper  motiooa, 
p.  134— 140.     Snccewive  propagation  oflheligbt  of,  p.  143—143)  Note  111. 
Appearance  of  new,  and  changes  of  brightneu  of  previously  known,  p.  IM, 
149;  Note  130. 
nenberg  (Count),  fosall  cycades  in  an  old  carbonlfkrons  Ibrmation,  Note  S30l 
Straho.  coqjectared  an  nnkuown  land  to  eiiat  between  Iberia  and  Thiue,  In  the 
4ttb  ptuaiiel or  latitude, p.  3S1.   btaUedtheniiedconllgutacionofBuni}* 


M  fnonnUe  M  drinUkHi,  p.  Ml.    nwiillin  iif  it  Itnirt  mn 


IliciBiuof  iatreuiiariBn,p.lOS{Not«l>S.  IHstltijriiiitud  between  nluidi 
■djiccDl  to  ud  Hvend  fnim  Itaa  miin  lud,  and  isludi  ctMnot  nrom  tbe 
■bore  Mid  niudfTOm  Ibe  bottom  of  the  •«,  Note  lia.  "  Burning  nod  of  a* 
LelinUne  plain*"  wd  other  rolcmh:  ptunomtna  mid  hrpoQieaeB  tKlmHog  k 
tbnn,  Notsi  3W,  a»,  DS, »«. 

BtnTe,  piniUu  o(  Utn,  p.  144.  Lool  dutnibuice*  ot  mTltitlon  is  levd  paili 
of  Bnrape,  Note  I3S. 

Sun,  hi>  ravolDlion  roond  tbe  ceDtre  oT  gravity  of  the  whole  nlir  vrRem,  p.  IM. 
lliOTenient  of  truuEHtion  in  Rpace,  p.  IMt  ISi;  Notei  101,  TOa.  Hii  mass  and 
volume  compared  lotboseofotherflied  nan,  p.  1$7,  IM.  Umitaof  the  al- 
moapbere  of  tbe,  cooaldered  in  refBrence  to  the  lodiaral  Mf^t  and  in  co^ 
pariHm  with  nebnlODa  itan,  p.  ISO,  IB]  i  note  M.  View*  of  Anuagpont  md 
otlien  reapecting  (lie,  note  W. 

8<rDiODd(Ue<it.),depteniDnoflhe  Dead  Sea  below  the  leiel  of  the  HedlterraneaB 
detanuined  br  trlgonomatiiml  nmnireBieata,  Note  SM. 

nuJtna,  diitlnpildiea  the  inflaeoca  of  climate  from  Uiil  of  nee,  note  MS. 

Tempenlure,  earlf  high,  mean,  and  Intemal  teiup.  of  tbe  p^obe,  nee  Eaitt. 
Local  canea  which  nlae  or  dtpnea,  p.  (IS,  SIS,  and  nS— 924 ;  Notea  W90, 3>l* 
and  393 — 31l§.  OT  Kvenl  placea  on  the  globe,  batb  anniuil  tmd  at  dUrermt 
■eaaona,  p.  3IT~320, 319,  sas— 197;  and  Note  396.  Decrease  of,  with  increari^ 
eleration,  p.  11,  S94,  SX,  397;  Note*  t,  399.  Inercue  of,  with  incraalBg 
deplh(inthee«nh|,  p.  IM,  l«»:  Notea  1B7,  138.  General  decresae  ta,  witb 
Increiting  depth  In  tbe  ocean,  p.  ZW,  1!9S.  OenenloniformityandconataDrr 
of,  in  tbe  >ame  part  of  the  nirftce  of  the  ocean,  p.  399 ;  Notes  363,  SH.  Zosea 
of  greatest  oceanic  temp,,  p.  9U6, 997.  Great  modiflciilions  of,  by  cnirenta, 
p.  Ml ;  by  aboala,  p.  301.  Depth  to  which  the  periodical  Tariationa  of  teup 
deacend  in  tbe  earth,  p.  IM,  161 ;  Note  139.  See  Thetniic  scale,  laoCho'Eaal 
laollienil,  and  leocblmenal  llou. 

^eodectea  (en  uideDt  tragic  poet),  on  tbe  black  colour  and  curled  hiir  of  Ik 
Ethiopian!,  p.  319. 

Theopbylactua,  ipealu  of  Scythia  aa  ftea  from  eartbqu^es,  p.  1S1 ;  Note  tn. 

Tbermal  iprlngt,  see  Springs. 

Thermic  scale,  or  different  kind*  otcnlttvBfloa,  p.  B31i  Note  399. 


Thienamann,  on  eirroas  clouds  as  the  iBbatntom  of  the  Aurora,  p,  181 ;  Nola 

178.    Absence  of  audible  sound  in  Aorocaa,  p.  189. 
Tide*  of  the  ocean,  p.  IBS,  998. 

.Tiedemann,  on  tbe  brain  of  Negroea  and  Earopeaaa,  p.  3fi). 
TiUard  <C:q>t.),  temporary  appeaiUice  of  Che  laland  of  Sabrina,  p.  130. 
Tonroeftiit,  lonea-ol  v^:etation  on  Mount  Aiarat,  and  first  notice  of  tbe  aimtlir 

influence  of  Increa^ng  elevatiOD  and  ineteaBing   latitode  on  vegetatioii, 

p.8«,3tT. 
Trailea,  on  the  Degative  electricity  deitioped  in  the  ndgbbombood  of  lofty  cm- 

cades.  Note  41 S. 
Trogoe  Pompeiua,  hia  views  reipectltig  volcanic  phenomena  and  the  asppoaid 

neceinty  of  their  vicioity  to  the  lea,  p.  931 ;  Note  234. 
Tnvical  regioDS,  adnntagea  presented  by  them  tsntrds  >  sdcoflllc  looiriedii 

ot  tber^ularltyof  natural  laws,  p.  II,  ia,S3& 
Trnttos  Ot  Qiianamato,  p.  in.   SeaBnnidaa. 


Vr*iUa(V),oattep 


Vati,  cbugvitf  mignlRidfliii  tbBBiidciiBaf  at 
p.  99. 

Vamiiii  (Bonhard),  hii  gevcnl  ud  aMapmttre  fyi^y,  and  its  ^ipronl  bf 
McwtaD,p.Hi  Note 35. 

VegeUtion,  lonea  oT,  on  tbi  dHlMtin  of  moantiiii*,  p.  II,  IS,  SM,  Hi,  Mt  i 
NdIhS,6,4».  a«alKiHonnUiDi,HiTnaI>]nt,C(inllIleru.  nnribntLon d<, 
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